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LETTER   OF  TRANSMITTAL. 


Department  of  the  Interior, 

United  States  Geological  Survey, 

Hydrooraphic  Branch, 
Washington,  D.  C,  Nm^ember  S^  190^. 

Sir:  I  transmit  herewith  a  report  entitled  '*The  Development  of 
Underground  Waters  in  the  Central  Coastal  Plain  Region  of  Southern 
California,"  prepared  by  Mr.  W.  C.  Mendenhall,  under  the  general 
direction  of  Mr.  N.  H.  Darton,  and  recommend  that  it  be  published  as 
a  Water-Supply  and  Irrigation  Paper. 

This  paper  is  similar  to  the  one  just  published  entitled  ''The 
Development  of  Underground  Waters  in  the  Eastern  Coastal  Plain 
Region  of  Southern  CaUfomia/'  and  contains  the  results  of  work  in 
the  portion  of  the  coastal  plain  just  west  of  the  area  described  in  that 
paper.  A  third  paper  will  treat  of  the  area  northwest  of  that  here 
described  and  will  complete  the  series  of  preliminary  papers  on  the 
coastal  plain  of  southern  Cahfomia. 

The  studies,  a  part  of  whose  results  are  being  made  available  in 
this  way,  are  planned  to  cover  all  the  important  water-bearing  lands 
of  the  vallev  of  southern  California.  In  most  instances  the  facts 
gathered  concerning  the  wells  and  the  distributing  systems  will  be 
supplemented  by  a  study  of  the  local  geology,  in  so  far  as  it  controls 
the  amount,  distribution,  and  circulation  of  the  ground  waters.  The 
hydrographic  data  and  the  geologic  data  will  then  be  discussed  and 
issued  together  in  one  report.  In  the  coastal  plain  area,  however, 
the  geologic  conditions  being  relatively  simple,  and  the  hydrographic 
data  being  large  in  volume  and  of  paramount  importance,  it  is  deemed 
best  to  issue  the  latter  at  once,  rather  than  to  delay  it  pending  the 
working  out  more  fully  of  the  comparatively  unimportant  geologic 
problems.  Therefore  the  tables  and  maps  are  presented  here  for  the 
consideration  of  water  users,  with  a  comparatively  brief  text,  which 
is  chiefly  descriptive,  but  which  includes  a  discussion  of  the  effects  of 
development  and  drought  in  bringing  about  those  changes  in  water 
levels  and  in  the  outlines  of  artesian  areas  which  have  been  most 
marked  within  the  last  five  or  six  years. 

Very  respectfully,  F.  11.  Newell, 

Chief  Engineer. 

Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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DEVELOPMENT  OF  UNDERGROUND  WATERS  IN  THE 
CENTRAL  COASTAL  PLAIN  REGION  OF  SOUTHERN 
CALIFORNIA.  

By  W.  C.  Mendenhall. 


IKTRODI  CTIOX. 

This  paper  is  similar  to  Water-Supply  Paper  No.  137,  on  the 
'*  Development  of  Underground  Waters  in  the  Eastern  Coastal  Plain 
Region  of  Southern  Cahfornia."  It  contains  the  data  gathered  by 
the  Survey  in  the  Downey  and  Las  Bolsas  quadrangles/'  just  west 
of  the  two  quadrangles  described  in  the  earlier  .publication.  It 
includes  tables  of  the  wells,  with  data  as  to  their  position,  depth, 
diameter,  cost  of  installation,  and  yield,  and  maps  of  the  irrigated 
lands  and  distributing  systems.  These  data  give  a  resum^  of  the 
individual  experiences  of  well  owners  in  the  region  as  well  as  of  the 
general  effects  of  the  great  amount  of  development  which  has  taken 
place  within  the  last  ten  years. 

By  the  vaUey  of  southern  California  is  meant  that  lowland  area 
extending  from  Santa  Monica  to  Redlands,  and  from  the  base  of  the 
San  Gabriel  and  San  Bernardino  ranges  southward  30  or  40  miles. 
It  includes  the  coastal  plain,  the  broad  portions  of  the  Santa  Ana, 
San  Gabriel,  and  Los  Angeles  river  valleys,  and  the  irregular  groups 
of  hills  which  add  picturesque  variety  to  these  lowlands  and  separate 
them  into  distinct  tillable  areas.  Much  of  this  region  is  intensively 
cultivated.  The  foothill  belt  from  Pasadena  eastward  to  Ontario, 
the  Riverside  Mesa  lands,  and  the  Redlands  and  Highlands  benches 
are  justly  famous  citrus  regions,  where  agricultural  lands  have  high 
values.  In  the  coastal  plain,  which  is  not  so  well  adapted  to  citrus 
culture,  there  is  greater  agricultural  diversity ;  daiiying,  market  gar- 
dening, the  raising  of  deciduous  fruits  and  vegetables  and  of  English 
walnuts,  celery,  and  sugar  beets  being  important  industries.  ^ 

°  A  quadiangle  ia  the  unit  of  survey  adopted  by  the  United  States  Geological  Survey^  for  the  topo- 
gntphie  and  geologic  atlas  of  the  United  States.  It  is  a  rectangular  area  15  minutes,  :-:0  minutes,  or  I 
tlegne  in  extent  each  way,  bounded  by  parallels  and  meridians,  and  having  an  area  of  one-sixteenth,  one- 
quarter,  or  1  square  degree.  The  quadrangles  disregard  political  boundaries,  such  as  those  of  Suites, 
countiea,  and  townshipfl.  To  each  is  given  the  name  of  some  well-known  place  or  feature  within  its 
limits.    A  sheet  is  the  topographic  map  of  one  of  the  above  a reas . 
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In  all  of  this  agricultural  and  horticultural  activity,  the  first  requisite 
is  water.  The  entire  region  is  semitropic  and  semiarid  and  irrigation 
is  necessary  in  order  to  mature  any  except  a  few  of  the  le^s  valuable 
crops.  As  is  generally  the  case  in  regions  of  little  rain,  the  soils  are 
rich  because  they  have  not  been  leached  of  their  soluble  fertile  ele- 
ments, and  when  water  is  applied  to  them  they  yield  abundantly.  As 
is  fully  recognized  by  agriculturists,  constant  sunshine  and  warmth, 
with  the  artificial  appUcation  of  water  in  the  right  quantities  at  the 
right  times,  give  ideal  conditions  for  large  yields;  hence  the  lands  in 
arid  or  semiarid  regions,  when  brought  into  cultivation  by  means  of 
an  abundant  artificial  water  supply,  are  much  more  valuable  than 
those  in  regions  of  greater  rainfall,  where  irrigation  is  not  practiced. 

In  southern  California  lands  under  irrigation  usually  bring  several 
hundred  doUara  per  acre,  are  not  infrequently  valued  at  $1,000  per 
acre,  and  may,  in  exceptional  cases,  bring  $2,000  or  even  more.  Since 
the  greater  part  of  the  cultivable  dry  lands  quickly  acquire  such 
values  when  water  is  applied  to  them,  the  story  of  the  growth  of  this 
region  becomes  a  story  of  the  utilization  and  application  of  its  avail- 
able waters.  To  the  practical  solution  of  water  problems,  engineer- 
ing and  legal,  much  of  the  best  talent  of  the  country  has  been  devoted 
for  many  years,  and  will  be  for  many  years  to  come. 

The  first  settlers,  the  Mission  Fathers,  after  them  the  Mexicans, 
and  still  later  the  Americans,  secured  their  first  holdings  near  the 
flowing  streams  or  the  ''cidnaga''  lands,  the  sites  of  perpetual  springs. 
As  the  areas  under  cultivation  slowly  increased,  the  waters  of  the 
mountain  canyons  were  gradually  appropriated  and  applied  to  the 
adjacent  lands.  Then  engineering  devices  were  resorted  to  for  in- 
creasing the  flow  of  springs,  for  intercepting  the  underflow  of  streams, 
or  for  storing  the  flood  waters  by  means  of  dams  and  reservoirs. 
Lastly,  attention  was  turned  to  the  underground  waters,  which 
proved  to  occur  in  large  quantities  and  to  be  widely  distributed, 
so  that  entire  communities  have  sprung  up  which  depend  wholly  on 
these  sources  for  their  irrigation  water.  Developments  during  the 
last  ten  years  have  been  chiefly  those  of  underground  sources,  and  the 
maps  and  tables  in  this  paper  show  their  extent  in  a  small  part  of  the 
valley  of  southern  California.     (See  Pis.  I,  II,  and  IV.) 

TIIFi  COASTAIi  PliAIN. 

The  district  under  immediate  consideration  is  the  central  portion 
of  the  coasial  plain  of  southern  California.  This  plain  extends 
inland  from  the  Pacific  Ocean  15  or  20  miles  to  the  base  of  the  hilLs 
which  represent  the  Coast  Range,  and  stretches  coastwise  for  50  miles 
from  Sherman  to  the  foot  of  the  San  Joaquin  Hills.  It  is  generally 
level  or  gently  sloping,  is  fringed  on  the  coastward  side  by  a  belt  of 
salt  marshes  and  sand  dunes,  and  has  an  area  of  775  square  miles. 
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On  the  northeast  it  is  bounded  by  the  Santa  Ana  Mountains  and 
their  extension,  the  Puente  Hills.  Near  the  Pacific  its  even  surface 
is  interrupted  by  a  line  of  low  hills  which,  in  the  vicinity  of  Hunt- 
ington Beach  and  Los  Alamitos  Bay,  lie  close  to  the  coast,  but  which 
to  the  northwest  are  found  farther  inland  as  the  shore  line  swings  west- 
ward about  San  Pedro  Hill.  This  line  of  low  hills  of  irregular  height 
marks  the  seaward  boundary  of  the  coastal  artesian  belt.  As  a 
topographic  feature  it  is  broken  by  the  valleys  of  Santa  Ana,  San 
Gabriel,  and  Los  Angeles  rivers  which  cross  it  on  their  way  to  the 
sea:  but  as  a  structural  feature  and  as  a  barrier  to  the  subterranean 
waters  which  percolate  slowly  seaward,  it  appears  to  be  continuous 
throughout.  The  Downey  and  Las  Bolsas  quadrangles,  which  con- 
stitute the  central  coastal  plain  region,  include  an  area  that  extends 
from  the  shores  of  the  Pacific  at  San  Pedro  Bay  across  the  coastal 
plain  to  its  inner  edge  in  the  neighborhood  of  Whittier  and  the  Paso 
de  Bartolo  (PI.  III).  These  quadrangles  He  about  midway  of  the 
east-west  extent  of  the  plain  and  include  the  broadest  part  of  the 
artesian  belt ;  they  contain  more  wells  than  any  area  of  equal  size 
in  southern  California. 

The  greater  part  of  this  area  is  underlain  by  loose  sediments — sand, 
gravels,  and  clays — which  were  brought  down  from  the  mountains  by 
the  rivers  and  distributed  by  them  and  by  the  waves  and  currents 
of  the  Pacific  oflF  the  shore  of  this  part  of  the  continent.  The  coastal 
plain  is  believed  to  have  been  at  one  time  a  broad  embayment  with 
San  Pedro  Hill  as  an  island  well  offshore,  as  Santa  Catalina  is  now. 
As  a  result  of  the  accumulation  of  the  debris  brought  out  by  the 
streams,  and  perhaps  also  in  part  as  a  result  of  uplift  through  crustal 
movement,  this  great  bay  has  been  reclaimed  from  the  sea,  and  is 
now  a  prosperous  and,  throughout  much  of  its  area,  densely  settled 
agricultural  region. 

80IIi8  AND  CROPS. 

The  soils  of  the  Downey  and  Las  Bolsas  quadrangles  do  not  exhibit 
the  great  diversity  found  in  some  areas  of  the  same  size  in  the  south- 
em  part  of  the  State,  although  a  number  of  more  or  less  distinct 
varieties  are  recognized  and  mapped  by  the  Agricultural  Department.'' 
The  soils  are  rather  uniform  in  texture,  ranging  only  from  the  sands 
or  fine  gravels  of  San  Gabriel  Wash  or  of  the  beach  dunes,  to  the 
dark  adobes  of  the  marshes  and  tule  lands.  They  vary  in  origin  from 
the  washes  brought  by  the  streams  from  the  distant  mountains  to 
the  clays  of  the  benches  east  of  Whittier,  which  are  derived  from  the 
Tertiary  shales  of  the  adjacent  hills.  They  include  the  rich  loams  of 
the  peat  swamps,  which  owe  their  fertility  in  part  to  the  vegetable 

"Mpsmer,  Louis,  Soil  survey  of  the  Los  Angclos  urou.  Pirld  Operations  Ihireau  of  Soils,  U.  S.  Dept 
Agriculture,  1«M. 
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mold  which  has  accumulated  through  the  decay  of  plant  growths. 
These  soils  are  generally  productive,  except  in  the  sandy  washes  or 
dunes  and  in  some  of  the  lower  lands  where  alkalies  are  found  in 
excess.  The  latter  trouble  probably  can  be  remedied  by  drainage  in 
all  cases,  but  few  systematic  attempts  have  yet  been  made  in  this 
direction.  The  more  alkaline  lands  are  generally  included  in  the 
wide  pastures  of  the  larger  undivided  ranchos. 

The  crops  exhibit  the  divereity  which  is  characteristic  of  the  coastal 
belt.  On  the  benches  about  Whittier  are  extensive  citrus  orchards. 
In  the  lowlands,  under  the  San  Gabriel  irrigation  systems,  are  man}' 
flourishing  walnut  groves  and  orchards  of  deciduous  fruits.  Berry 
growing,  gardening,  alfalfa  raising,  dairying,  and  grape  culture  are 
practiced  about  Florence  and  Compton.  Sugar  beets  and  alfalfa 
are  raised  in  quantities  in  the  vicinity  of  Los  Alamitos,  and  celer3", 
potatoes,  corn,  and  fruits  are  grown  in  the  fertile  and  highly  culti- 
vated peat-land  region  south  of  Westminster. 

Large  parts  of  the  Los  Cerritos,  Los  Alamitos,  and  Los  Coyotes 
ranchos  are  not  under  cultivation,  but  are  reserved  as  pasture  lands 
and  stock  ranges.  As  these  ranchos  include  considerable  areas  of 
moist  land,  grazing  is  possible  throughout  the  year  over  much  of 
their  acreage  without  irrigation. 

« 

WATER  8UPPI.Y. 

Both  the  surface  and  the  subsurface  waters  of  the  Downey  and 
Las  Bolsas  quadrangles  are  supphed  largely  by  San  Gabriel  and 
Los  Angeles  rivers.  Part  of  the  underground  waters  of  the  south- 
eastern portion  of  this  area  are  probably  contributed  by  the  Santa 
Ana  drainage  system.  These  three  streams,  the  largest  in  southern 
California,  carry  to  the  Pacific  almost  all  of  the  run-off  from  the 
southern  and  western  faces  of  the  San  Gabriel  and  San  Bernardino 
ranges,  which  are  the  most  effective  mountain  masses  in  this  section 
of  the  State  from  the  point  of  view  of  their  capacity  to  induce  pre- 
cipitation. This  is  due  to  their  height  and  to  the  fact  that  no  high 
land  intervenes  between  them  and  the  Pacific,  whence  the  moisture- 
laden  winds  come. 

The  channel  of  each  of  these  streams,  in  its  passage  seaward  from 
the  mountains,  crosses  one  or  more  wide  valleys  filled  with  loose 
sands  and  gravels.  The  waters  are  absorbed  by  this  debris,  and 
percolate  slowly  through  it,  beneath  the  surface,  to  reappear  at  some 
lower  point  where  an  obstruction  to  the  underground  passage  forces 
them  to  tlie  surface.  At  these  points  the  underground  waters  become 
surface  flows  again,  until  absorbed  later  by  another  body  of  loose 
material.  Thus  the  Santa  Ana  sinks  in  the  wash  above  Redlands, 
rises  to  the  surface  above  the  Bunker  Hill  "dike,"  sinks  below  it, 
rises  from  Riverside  to  Bedrock  Canyon  below  El  Rincon,  sinks  in 


MEXDETHALL.]        IRRIGATION    SYSTEMS    OF   COASTAL    PLAIN. 


13 


the  wash  above  Santa  Ana,  and  finally  partly  rises  again  in  the  large 
peat-land  springs  about  Talbert.  The  San  Gabriel  and  the  Los 
Angeles  exhibit  the  same  characteristics,  but  disappear  and  reappear 
less  often  in  their  much  shorter  courses  to  the  sea. 

This  natural  habit  of  the  streams  has  been  more  or  less  seriously 
interfered  with  by  the  irrigation  systems  developed  since  the  settle- 
ment of  the  region.  At  present  irrigation  canals  head  at  the  mouth 
of  the  mountain  canyon  from  which  each  stream  first  debouches 
upon  the  plain,  and  at  every  place  where  the  subterranean  waters 
reappear  the  water  is  distributed  upon  the  adjacent  lands,  where  a 
much  smaller  proportion  of  it  sinks  and  joins  the  underflow  than 
before  it  was  thus  diverted. 

The  winter  flood  waters,  which  have  always  furnished  the  most 
important  addition  to  the  underground  supply,  are  interfered  with 
but  httle  by  the  irrigation  developments,  and  are  still  available  for 
the  annual  recharge  of  the  gravels. 

IRRIGATION  SYSTEMS. 

The  only  important  system  of  canals  in  the  Downey  and  Las 
Bolsas  quadrangles  is  the  one  which  diverts  the  San  Gabriel  River 
waters  that  rise  to  the  surface  in  the  neighborhood  of  the  Paso  de 
Bartolo  (see  PI.  II).  A  number  of  ditches  here,  some  of  them  among 
the  oldest  in  southern  California,  take  out  the  river  water  as  it  rises 
in  springs,  and  distribute  it  over  the  irrigable  lands  in  the  neigh- 
borhood of  Whittier,  Rivera,  Downey,  and  Norwalk. 

The  available  measurements  of  flowing  waters  at  the  Paso  de 
Bartolo  are  as  follows : 


Discharge  measurements  at  the  Paso  de  Bartolo. 


Sheep  Creek  ditch 

RincoD  ditch 

Old  Temple  ditch 

Gate  ditch 

StAudefer  ditch 

Banta  and  Los  Nietos  ditches. . . 
Rio  Hondo  under  Mission  bridge. 
Baldwin's  ditch 


Second-feet. 
2.46 
2.47 
1.20 
8.71 
14.56 
15.  44 


23.18 

« 


Dischargp. 


Aug.  7,  1900.         Oct.  2,  190r5.         Oct.  5,  1004. 


Second-feet. 
4.6 
3.4 


Second-feet. 
1.35 
1.5 


5.5 
14 
28 
29 


Total. 


68.12 


84.50 


11.1 
12.9 
19.5 
22.19 
2.89 

71.43 
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It  is  to  be  expected  that  October  measurements  will  be  higher 
than  those  of  August,  the  evaporation  being  lighter  in  the  fall,  but 
the  effect  of  the  greater  rainfall  preceding  the  summer  of  1903,  as 
compared  with  the  summer  of  1904,  is  clearly  shown  in  the  differ- 
ence between  the  two  October  measurements.  None  of  the  waters 
measured  are  developed  waters,  and  none  of  them  reach  the  pass 
as  surface  streams  All  represent  underflow  below  the  mesa  lands 
north  of  the  pass,  forced  to  the  surface  by  the  constricted  character 
of  the  outlet  and  the  comparative  nearness  of  bed  rock  to  the  surface. 

The  following  brief  descriptions  of  some  of  the  principal  ditches 
which  take  their  supply  from  this  region  and  distribute  it  over  the 
irrigable  lands  south  of  the  pass  are  summarized  in  part  from  William 
Ham.  Hall's  '^  Irrigation  in  Southern  California."  They  are  brought 
up  to  date  by  additional  information  gleaned  from  various  sources. 

RINCON  DITCH. 

This  ditch  is  nearly  6  miles  long  and  takes  its  water  from 
San  Gabriel  River  about  2  miles  below  the  Southern  Pacific  Rail- 
road crossing.  It  was  built  by  Mr.  Strong  in  1871.  It  is  about 
4  feet  wide  on  the  bottom,  unlined  except  in  the  vicinity  of  the 
pumping  plant,  and  carries  a  variable  depth  of  water.  The  land 
which  it  serves  lies  in  the  Paso  de  Bartolo  and  along  the  upper 
edge  of  the  coastal  plain  just  west  of  Whittier.  In  1888  about  586 
acres  were  reported  as  served  by  the  ditch,  and  in  1904,  800  acres. 
In  1902  the  supply  of  water  from  the  river  was  augmented  by  the 
installation  of  a  pumping  plant,  which  is  now  used  to  make  up  the 
deficiency  in  the  river  supply.  In  1904  this  plant  was  in  operation 
for  about  four  months,  day  and  night,  and  produced  during  that 
time  about  120  miner's  inches.  The  pumping  company  is  incor- 
porated as  the  Rincon  Irrigation  Compan}^,  but  its  stockholders  are 
the  irrigators  owning  land  served  by  the  ditch. 

GATE  DITCH. 

This  ditch,  built  by  J.  W.  Gate  in  1867,  takes  its  waters  from  the 
San  Gabriel  at  about  the  point  where  the  stream  deserted  its  old 
channel  in  the  flood  of  1867-68.  The  ditch  is  about  3}  miles  long, 
and  serves  an  area  lying  in  and  below  the  Paso  de  Bartolo  and 
between  Rio  Hondo  and  San  Gabriel  River.  The  amount  of 
land  irrigated  by  this  ditch  has  remained  nearly  constant,  for 
1,200  acres  were  reported  under  irrigation  in  1880,  1,300  acres  in 
1886,  and  1,300  acres  in  1904.  Until  1900  the  ditch  was  of  earth 
construction  and  the  loss  of  water  by  seepage  was  considerable. 
On  April  19  of  that  year  the  water  users  incorporated  as  the  Gate 
Ditch  Water  Company,  with  3,600  shares  at  $1  per  share.  Money 
was  borrowed  and  improvements  were  at  once  undertaken.  At 
present  (January  1,  1905,)  one-half  mile  at  the  head  of  the  ditch 
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and  1  mile  at  the  lower  end  of  the  ditch  remain  unimproved,  over 
2  miles  are  cemented,  and  1,000  feet  of  wood  flume  have  been  put 
in.  These  improvements  are  reported  to  have  cost  about  50  cents 
per  running  foot.  The  water  stock  is  appurtenant  to  the  land  and 
is  nontransferable.  The  thirty-five  irrigators  are  assessed  $1  per 
acre  to  cover  running  expenses  and  interest  and  to  provide  a  sink- 
ing fund.  The  expenses  are  low,  the  cost  of  repairs  on  the  dam 
and  charges  for  cleaning,  improving,  and  maintaining  the  ditch 
amounting  to  only  about  $350  annually. 

When  water  is  abundant  in  the  spring  the  ditch  is  divided  into 
three  heads ;  in  the  summer,  when  the  amount  available  is  less,  but 
two  heads  are  available,  and  at  times  of  particularly  low  water 
there  is  only  enough  for  one  head.  A  ''head''  imder  these  condi- 
tions is  a  variable  quantity,  but  is  said  always  to  exceed  100  miner's 
inches.  The  period  of  rotation  varies  from  twelve  to  sixteen  days. 
Each  irrigator  in  turn  has  the  use  of  a  head  of  water  for  thirty 
minutes  per  acre,  except  when  the  ditch  carries  but  one  head,  when 
the  period  is  reduced  to  fifteen  minutes. 

The  available  measurements  of  the  flow  in  the  Gate  ditch  follow: 

Flow  in  Cate  dilch,  California. 

Miner's  Inches. « 

August,  1900 435 

October,  1903 275 

October,  1904 555 

STANDEFER  OR  RANCHITO  DITCH. 

This  ditch  was  constructed  in  1871  by  settlers  who  had  purchased 
lands  on  the  Paso  de  Bartolo  Rancho  from  Pio  Pico.  Its  title  is 
inherited  by  prescription  and  riparian  ownership  from  the  rancho, 
whose  proprietors  had  used  the  water,  although  in  a  very  unsys- 
tematic way,  for  years.  The  diversion  from  the  San  Gabriel  is  by 
a  sand  and  brush  dam,  owned  and  constructed  by  the  Standefer, 
Banta,  and  Los  Nietos  ditches  jointly,  at  about  the  narrowest  part 
of  the  pass.  The  main  ditch  is  over  3  miles  long  and  discharges 
into  San  Gabriel  River  below  the  Santa  Fe  Railroad.  During 
the  past  two  or  three  years  the  Pallett  and  Walnut  branches  and 
about  2,800  feet  of  the  main  ditch  have  been  cemented.  The  rest 
is  of  earth  construction.  In  1902  the  irrigators  under  this  ditch 
incorporated  on  a  basis  of  10  shares  per  acre,  or  13,000  shares  in 
all.  The  expenses  of  cleaning  and  maintenance,  zanjero's  fees,  etc., 
are  met  by  charges  of  10  cents  per  hour  per  head  for  day  service 
and  5  cents  per  hour  fox  night  service.  The  ditch  carries  three  or 
four  heads  of  150  to  200  inches.  Charges  for  new  construction, 
cementing,  etc.,  are  met  by  special  assessments. 

^ The  old  California  miner's  inch  is  nsed  throughout  this  report.    It  is  equivalent  to  9  gallons  per 
Qunate,  one-fiftieth  second-foot,  or  14.478  acre-feet  per  year. 
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BANTA  AND  LOS  NIETOS  DITCHES. 

The  Los  Nietos  ditch,  which  was  built  previous  to  1838  by  Don 
Pio  Pico,  the  grantee  of  the  Paso  de  Bartolo  rancho,  and  the  Bant  a 
ditch,  built  by  P.  Banta  in  1867,  have  used  the  same  canal  for 
about  2  miles  below  their  diversion  works  since  1884,  when  the 
original  upper  Los  Nietos  ditch  was  destroyed  by  flood.  Below  the 
section  which  is  ow^ned  and  operated  jointly,  the  Banta  ditch,  is 
about  2  miles  long  and  serves  about  800  acres  southwest  of  Whittier 
and  below  the  lands  watered  from  the  Rincon  ditch.  Twenty-three 
irrigators  are  served  by  this  ditch  at  present  (1904). 

The  Los  Nietos  ditch  extends  south  about  3  J  miles  from  the  point 
of  its  diversion  from  the  Banta  ditch  and  serves  about  1,000  acres 
lying  just  east  of  San  Gabriel  River.  In  1885  its  interests  were 
incorporated  on  the  basis  of  1,500  shares,  which  are  not  transferable 
out  of  the  district. 

The  total  flow  in  the  San  Gabriel  at  the  headworks  of  the  Stande- 
fer,  Banta,  and  Los  Nietos  ditches,  which  was  estimated  at  from 
1,200  to  1,500  miner's  inches  in  1888,  is  proportioned  among  the 
three  ditches  in  the  order  named  in  the  ratio  of  12:9:7,  the  division 
being  effected  on  the  following  basis:  The  total  flow  is  divided  into 
four  parts,  each  ditch  receiving  one  part  and  the  remaining  fourth 
being  shared  by  the  Standefer  and  Banta  ditches,  the  former  receiv- 
ing the  water  five  and  the  latter  two  days  in  each  week. 

The  combined  flow  of  the  two  ditches  on  August  7,  1900,  as  deter- 
mined by  S.  G.  Bennett,  was  772  inches,  and  on  October  2,  1903,  as 
measured  by  W.  B.  Clapp,  was  1,400  inches.  October  5,  1904,  Mr. 
Clapp  reported  975  inches  at  the  headworks. 

ARROYO  DITCH. 

This  ditch  takes  its  supply  from  Rio  Hondo,  about  2  miles  below 
the  pass,  and  serves  a  large  district  lying  east  of  this  stream  and  w^est 
of  the  territory  supplied  by  the  Standefer  ditch  and  its  extensions. 

The  canal  was  built  in  1869  and  succeeded  an  earlier  crude  ditch 
which  was  really  an  old  arroyo  into  which  water  had  been  diverted. 
The  title  is  inherited  from  the  riparian  rights  of  the  Rancho  Santa 
Gertrudes,  but  no  systematic  attempt  was  made  to  use  the  water  prior 
to  the  subdivision  and  sale  of  the  rancho  by  Governor  J.  G.  Downey 
in  the  late  sixties. 

In  1885  the  irrigators  organized  the  Arroyo  Ditch  and  Water  Com- 
pany, which  was  incorporated  with  a  capital  stock  of  $22,500.  Before 
this  time  more  or  less  indefinite  attempts  at  organization  had  been 
made,  but  they  were  only  partially  successful.  Indeed,  about  fifteen 
irrigators  owning  lands  near  the  head  of  the  ditch  finally  refused  to 
join  in  the  incorporation,  but  successfully  defended  their  right  to  the 
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use  of  their  proportion  of  the  water.  At  this  time  there  was  much 
internal  dissension  among  the  various  irrigators  supplied  by  it. 

The  total  length  of  the  main  line  from  the  intake  below  the  pass  to 
the  terminus,  1 J  miles  south  of  Downey,  is  about  7  miles;  the  Sand- 
ridge  branch,  which  leaves  the  main  ditch  at  the  crossing  of  the  Santa 
Fe  Railroad,  is  about  4  miles  long. 

In  1888  the  ditch  was  reported  to  have  a  minimum  supply  of  about 
1,200  inches,  and  to  serve  about  3,800  acres.  The  acreage  supplied 
by  it  has  varied  but  little,  being  about  4,000  in  1871  and  in  1903. 
The  flow  of  Rio  Hondo  at  the  Mission  bridge,  all  of  which  is  diverted 
below  into  the  Arroyo  ditch,  is  reported  by  W.  B.  Ciapp  as  follows: 

Flow  of  Arroyo  ditch,  California. 

Second-feet. 

August,  1900 23.18 

October,  1903 29 

October,  1904 22.19 

SAN  ANTONIO  DITCH. 

This  ditch  is  supposed  to  serve  a  few  hundred  acres  lying  west  of 
Rio  Hondo  and  midway  between  the  Southern  Pacific  and  Santa  Fe 
railroads.  It  uses  the  upper  part  of  the  Arroyo  ditch,  and  later 
delivers  135  inches  of  water  to  the  Gage  ditch.  It  is  of  sand  and  earth 
construction  throughout,  is  poorly  cared  for,  and  choked  with  weeds, 
so  that  little  or  no  water  is  actually  delivered  to  the  lands  served. 

The  water  at  the  head  of  the  Arroyo  ditch  was  originally  divided 
equally  between  that  ditch  on  the  one  hand  and  the  San  Antonio  and 
the  Foster,  or  Gage,  ditches  on  the  other,  the  right  of  the  Foster  to 
135  inches  being  acknowledged. 

The  Arroyo  Ditch  Company  at  an  early  day  improved  the  upper 
part  of  its  canal  and  thereby  effected  a  saving  of  100  inches.  As  the 
San  Antonio  Ditch  Company  declined  to  share  in  the  cost  of  this 
improvement,  the  water  saved  went  to  the  Arroyo  ditch  in  accordance 
with  the  terms  of  an  agreement  entered  into  in  1885.  Recently 
further  improvements  have  resulted  in  an  additional  saving,  also 
claimed  by  the  Arroyo  Ditch  Company,  which  has  borne  the  expense 
of  the  improvements. 

The  title  to  this  last  increment,  however,  is  not  admitted  by  the 
San  Antonio  Company,  and  the  matter  is  not  as  yet  finally  settled. 

The  basis  of  division  now  is  this:  The  first  100  inches  belongs  with- 
out dispute  to  the  Arroyo  Ditch  Company,  and  the  first  235  inches  is 
claimed  by  them.  The  remainder  is  divided  equally  between  the 
San  Antonio  and  the  Gage  ditches  on  the  one  hand  and  the  Arroyo 
ditch  on  the  other.  Of  the  first  part  135  inches  is  assigned  to  the 
Gage  ditch.  The  part  remaining  after  this  is  taken  out  belongs  to  the 
San  Antonio  ditch,  but  as  it  flows  for  2  miles  through  the  sandy  bed  of 
fiio  Hondo  a  large  part  of  it  seeps  away  and  is  lost. 

iRR  13a— 05 2 
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OTHER  DISTRIBUTING  SYSTEMS. 

In  addition  to  these  principal  ditches  which  have  been  mentioned, 
the  Little  Lake  ditch,  the  Section  Line  ditch,  the  Agricultural  ditch, 
and  the  New  River  ditch  represent  lower  diversions  from  the  San 
Gabriel,  which  receive  such  excess  as  may  be  left  after  the  older  rights 
are  satisfied.     Their  supplies  are  received  cliiefly  in  the  winter  season. 

The  town  of  Whittier  secures  its  domestic  supply  from  two  wells 
just  east  of  San  Gabriel  River,  on  the  Whittier-Los  Angeles  road. 
The  water  is  pumped  from  these  wells  into  a  reservoir  on  a  knoll  above 
the  village,  whence  it  is  distributed  by  gravity. 

Long  Beach  and  lios  Alamitos  Beach  are  supplied  by  flowing  wells 
in  the  artesian  basin,  north  of  Signal  Hill. 

Part  of  the  Long  Beach  supply  reaches  the  town  by  gravity  from 
the  vicinity  of  Bixby  station ;  another  portion  flows  into  a  reservoir 
and  is  pumped  thence  into  higher  reservoirs  on  Signal  Hill,  whence  it 
is  distributed.  This  latter  plan  is  followed  by  the  Alamitos  Beach 
Water  Company. 

Another  important  line  not  yet  mentioned  is  that  owned  by  the 
East  Whittier  Water  Company.  The  water  supply  in  this  case  is  not 
secured  from  the  water-bearing  lands  of  the  coastal  plain  but  from  the 
San  Gabriel  Valley,  north  of  the  Paso  de  Bartolo,  near  Woyden  Station, 
on  the  Southern  Pacific.  A  well-equipped  air-pumping  plant  has  been 
installed  here  and  coupled  with  a  number  of  wells.  The  water  thu 
developed  is  conveyed  by  flume,  covered  ditch,  and  cement  and  steel 
pipe  lines  to  the  lands  served  in  the  East  Whittier  and  La  Habra 
districts.  This  system  of  covered  and  lined  canals  throughout  is  an 
example  of  a  modern  up-to-date  distributing  plant. 

DRAINAGE   DISTRICT. 

In  Water-Supply  Paper  No.  137,  on  the  underground  waters  of  the 
eastern  coastal  plain  region,  the  Bolsa  and  the  Willows  drainage 
districts  of  the  peat  lands  of  Orange  County  have  been  briefly  de- 
scribed. The  greater  part  of  the  older  of  these  two  districts,  the 
Bolsa,  is  on  the  Las  Bolsas  quadrangle.  Its  outlines  are  shown  on 
PI.  II. 

The  earliest  ditch  in  this  district  is  reported  by  Mr.  W.  B.  Lamb  to 
have  been  dug  twenty  or  thirty  years  ago  by  the  Stearns  Rancho  Com- 
pany. Later  the  county  improved  and  extended  this  original  ditch, 
and  finally,  in  1899,  the  Bolsa  drainage  district  was  organized  under  a 
State  law  passed  two  years  before. 

Under  this  law  three  commissioners  were,  elected  especially  to  make 
a  levy  upon  the  district  for  the  maintenance  and  extension  of  the 
ditch.  These  commissioners  levied  $15,000  for  the  expenses  of  the 
first  ten  years,  but  the  amount  will  not  prove  sufficient,  and  an  addi- 
tional levy  is  expected  within  a  year  or  two.     The  expenditures  each 
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year  are  determined  by  a  board  of  three  directors  elected  to  serve  two 
years.  They  decide  year  by  year  the  amount  of  the  original  levy  that 
is  to  be  expended.  When  this  annual  levy  has  been  determined,  it  is 
collected  by  the  county  from  the  landowners  within  the  districts,  and 
the  expenditures  are  then  paid  by  warrants  drawn  upon  the  county 
treasurer. 

About  15  miles  of  ditch  are  reported  within  the  district,  and  the 
annual  maintenance  charges,  exclusive  of  new  construction,  are  given 
as  about  SI  ,000.  Several  miles  of  private  drain  have  been  put  in,  with 
outlets  in  the  main  ditches.  The  land  has  thus  been  greatly  improved, 
until  now  the  district  contains  some  of  the  most  valuable  of  the 
famous  Orange  County  peat  lands. 

irNTDERGROl^NB   WATER. 

SOURCES. 

The  chief  supply  for  the  underground  as  well  as  for  the  surface 
waters  of  the  Downey  and  Las  Bolsas  quadrangles  comes  from 
Los  Angeles  and  San  Gabriel  rivers,  both  of  which  flow  across  the 
Downey  quadrangle;  another  portion  of  it  is  probably  furnished  by 
Santa  Ana  River,  whose  surface  channel  lies  entirely  to  the  east 
of  this  area,  but  whose  percolating  subsurface  waters  may  contribute 
to  the  underground  supply  in  the  Las  Bolsas  quadrangle  and  in  the 
southeastern  part  of  the  Downey  quadrangle.  An  unknown,  but  no 
doubt  minor,  amount  is  contributed  by  the  summer  underflow  of  these 
streams,  and  that  part  of  the  surface  flow  that  is  not  lost  by  direct 
evaporation  or  by  transpiration  through  the  plants,  in  the  process  of 
irrigation  for  which  it  is  all  utilized,  also  becomes  available.  This 
proportion  of  return  water  must  vary  greatly  with  locality,  soil,  and 
manner  of  irrigation.  On  the  mesa  lands,  whose  soils  are  warm  and 
dry  and  are  often  underlain  by  an  impervious  hardpan,  and  whose 
water  supply  is  expensive  and  never  used  in  excess,  the  proportion  of 
return  waters  must  necessarilv  be  small.  On  the  other  hand,  on  the 
sandy  lands  between  San  Gabriel  River  and  Rio  Hondo,  where  water 
Is  applied  in  abundance,  sometimes  in  excess,  upon  a  sandy  absorp- 
tive soil  J  the  return  must  be  large;  here  it  is  probably  much  more  than 
the  30  per  cent  which  is  often  assumed  as  the  proportion  of  return 
waters.  A  third  minor  source  of  supply  is  the  light  surface  and  sub- 
surface drainage  from  the  adjacent  slopes  of  the  Puente  HiUs.  This 
yields  a  relatively  small  amount.  The  winter  season  is  the  period  of 
most  effective  restoration  of  the  subterranean  supply.  The  direct 
rainfall  upon  the  coastal  plain  averages  approximately  12  inches, 
almost  all  of  which  falls  at  that  time;  but  the  most  important  sources 
are  the  flood  waters  of  the  streams  and  the  usual  normal  winter  flow, 
a  smaller  proportion  of  which  is  utilized  for  irrigation  when  the  rains 
reduce  the  necessity  for  the  latter. 
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As  these  flood  waters  pass  over  the  sandy  washes  they  are  absorbed 
rapidly  and  are  thus  added  to  the  underground  stores.  A  proportion 
of  the  greater  floods  often  escapes  absorption  by  reaching  the  sea  over 
the  surface.     It  is  thus  wholly  lost. 

In  considering  the  sources  of  these  underground  waters  there  may 
be  dismissed  at  once  the  suggestion  that  the  sea  water,  by  some- great 
extension  of  the  power  of  capillarity,  is  drawn  inland  and  freed  of 
its  salt,  or  that  a  portion  of  the  waters  of  Colorado  River,  or  some 
equally  distant  stream,  flows  in  an  underground  channel  through  the 
great  intervening  mountain  barriers.  These  theories  have  no  basis 
in  fact,  and  are  generally  expressions  of  wishes  rather  than  of  sober 
behef. 

DISTRIBUTION  OF  UNDERGROUND  WATER. 

Since  the  coastal  plain  is  underlain  by  irregular  sheets  of  more 
and  less  pervious  material — gravels,  sands,  and  clays — which  slope 
gently  toward  the  sea  and  increase  in  coarseness  inland,  the  under- 
ground waters  that  percolate  seaward  along  the  coarser  beds  arc 
often  caught  beneath  a  less  pervious  layer  and  accumulate  pressure 
from  the  weight  of  the  water  behind  them.  A  bed  of  open  material 
may  wedge  out  seaward  between  impervious  strata,  or  may  abut 
against  an  earUer  ridge,  or  may,  with  the  beds  above  and  below  it, 
be  folded  into  an  anticline,  or  may  become  gradually  finer  and  less 
permeable  seaward,  so  that  the  escape  of  its  waters  in  that  direc- 
tion is  cut  off  or  rendered  less  easy  than  their  entry  farther  inland. 
Under  these  conditions,  whenever  the  overlying  Confining  stratum 
is  penetrated  by  a  pipe  or  a  drill,  the  confined  waters  tend  to  rise 
to  the  level  of  their  source.  This  is  the  general  explanation  of  the 
artesian  conditions  which  exist  here. 

Since  the  percolating  waters  gravitate  seaward  and  the  finer  beds, 
which  are  as  essential  to  artesian  conditions  as  the  coarser,  occur 
more  often  along  the  lower  portion  of  a  stream's  course,  it  follows 
that  the  artesian  areas  are  in  the  lower  parts  of  a  basin  distant  from 
canyon  mouths,  where  only  comparatively  coarse  detritus  is  depos- 
ited. All  of  the  southern  CaUfornia  streams  are  alternately  surface 
and  subterranean,  the  Santa  Ana,  San  Gabriel,  and  Los  Angeles 
each  disappearing  and  reappearing  several  times  between  the  moun- 
tains and  the  sea.  The  area  in  which  the  surface  channels,  during 
the  summer  seasons  at  least,  are  dry,  is  always  a  wide  valley  region ; 
while  the  waters  flow  on  the  surface  either  in  canyons,  where  bed 
rock  is  near  the  surface,  or  in  open  plains,  where  there  is  an  effective, 
if  inconspicuous,  obstruction  to  the  subsurface  circulation. 

Near  the  lower  edge  of  practically  every  lowland  in  the  valley  of 
southern  California  across  which  a  stream  flows  is  an  artesian  basin, 
large  or  small,  whose  existence  is  due  to  conditions  like  those  just 
outlined.     After  the  waters  escape  from  one  such  basin  and  flow 
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over  its  lower  rim,  the  conditions  are  duplicated  in  the  next  basin 
below,  and  artesian  waters  are  again  found  there.  Thus,  the  waters 
of  the  Santa  Ana  first  pass  through  the  San  Bernardino  artesian  belt. 
They  escape  over  its  lower  rim,  the  ^*  Bunker  Hill  dike"  above  Colton, 
and  again  sink  and  enter  the  small  and  unimportant  Riverside  basin. 
At  Riverside  Narrows  they  are  forced  out  by  the  proximity  of  bed 
rock,  flow  over  the  surface  through  the  lower  Santa  Ana  Canyon, 
and  finally  enter  the  coastal  plain  artesian  belt.  At  a  point  far- 
ther north  than  the  mouth  of  the  Santa  Ana,  where  a  wider  strip 
separates  the  lower  edge  of  the  coastal  plain  artesian  area  from  the 
Pacific,  waters  from  this  belt  again  occur  under  pressure  in  the  small 
Ballona  artesian  area  near  Playa  del  Rey  (PI.  I) . 

Where  other  conditions,  such  as  amount  of  water  available,  are 
equal,  those  artesian  basins  which  exist  along  the  upper  portion  of  a 
stream,  though  smaller,  should  be  more  efficient  than  the  basins  lower 
down,  since  near  the  source  of  the  debris  the  water-bearing  strata  are 
usually  coarser  and  more  abundant.  Such  coarse  strata  yield  their 
water  more  readily,  giving  wells  of  greater  flow,  and  are  replenished 
more  quickly  after  exhaustion  because  they  absorb  flood  waters  with 
greater  rapidity.  At  such  a  higher  point,  however,  conditions  are 
less  favorable  for  the  widespread  deposition  of  the  fine,  relatively 
impervious  clays,  which  are  as  essential  as  the  coarser  beds  to  the 
existence  of  artesian  basins,  hence  the  higher  artesian  basins  are  apt 
to  be  less  extensive  than  those  farther  downstream,  although  they 
yield  water  more  readily  and  are  therefore  perhaps  more  likely  to  be 
exhausted  by  reckless  development. 

The  coastal  plain  artesian  basin  is  much  the  largest  of  a  number 
of  basins  which  occur  at  various  points  between  the  sources  and  the 
mouths  of  the  rivers  of  this  part  of  southern  California.  It  is  in 
fact  a  union  of  the  lowest  basins  of  the  three  principal  streams  of 
this  part  of  the  State.  Its  area  at  present  (August,  1904)  is  about 
190  square  miles.  Originally  it  was  somewhat  less  than  300  square 
miles.  A  large  part,  both  of  the  present  and  of  the  original  coastal 
belt,  is  included  in  the  area  treated  in  this  report — the  Downey  and 
Las  Bolsas  quadrangles.  There  are  now  approximately  121  square 
miles  of  artesian  water-bearing  lands  in  this  area,  105  square  miles 
in  the  Downey  quadrangle,  and  16  square  miles  in  the  Las  Bolsas 
quadrangle  (PI.  IV). 

There  has  been  no  decrease  in  the  artesian  area  in  the  Las  Bolsas 
quadrangle,  because  it  lies  along  the  lower  edge  of  the  artesian  lands, 
the  last  portion  to  be  affected  by  dry  years  or  by  excessive  drafts. 
The  artesian  area  in  the  Downey  quadrangle  has  decreased  45 
square  miles,  or  30  per  cent  from  the  original  150  square  miles. 
The  southwestern  seaward  edge  of  this  basin  is  marked  by  a  low, 
inregular  ridge,  whose  highest  point,  Los  Cerritos,  2^  miles  northeast 
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of  Long  Beach,  is  364  feet  above  sea  level.  Dominguez  Hill,  another 
prominent  point  west  of  the  channel  of  Los  Angeles  River,  has  an 
elevation  of  195  feet.  Toward  Huntington  Beach  the  ridge  Ls  lower 
and  indeed  is  entirely  cut  away  for  several  miles  by  the  outlets  of 
San  Gabriel  River,  Anaheim  Creek,  and  Bolsas  Creek,  so  that  along 
the  coast  between  Los  Alamitos  Beach  and  Huntington  Beach  only 
isolated  knobs,  like  Landing  Hill,  Bolsa  Chica,  and  Las  Bolsas  exist 
as  surface  expressions  of  the  underground  structure  that  acts  as  a 
barrier  to  the  subterranean  waters  in  their  slow  movement  seaward. 
Beyond  the  artesian  area,  both  north  and  south,  are  broad  belt^j 
in  which  the  water  is  not  under  sufficient  pressure  to  flow  but  is  near 
enough  to  the  surface  to  be  readily  available  for  pumping.  Such 
belts  include  areas  that  were  originally  artesian.  They  extend,  on 
the  one  hand,  to  the  base  of  the  Puente  Hills  or  to  the  northern  edge 
of  the  Downey  quadrangle,  and  on  the  other,  practically  to  the 
shores  of  the  sea.  The  position  of  the  surface  of  the  zone  of  satura- 
tion throughout  the  areas  where  the  ground  water  is  important  as  a 
source  of  supply  is  shown  on  Pis.  I  and  IV  by  means  of  contours 
drawn  upon  that  surface  as  a  plane.  The  depth  to  the  ground-water 
level  at  any  point  may  be  determined  by  subtracting  the  altitude  of 
the  ground-water  level,  as  shown  by  the  hydrographic  contours,  from 
the  altitude  of  the  surface,  as  shown  by  the  topographic  contours. 

DEVELOPMENT  OF  UNDERGROUND  WATER. 

In  the  Downey  quadrangle  there  are  more  than  3,000  wells,  all  of 
which  draw  to  a  greater  or  less  extent  on  the  underground  supphes. 
In  the  adjacent  Las  Bolsas  quadrangle  there  are  300  wells.  Of  tliis 
total  of  3,300,  175  are  equipped  with  pumping  plants  operated  by 
electricity,  steam,  or  gasoline.  These  plants  represent  an  investment 
of  about  $150,000,  and  the  wells  upon  which  the  pumps  have  been 
installed  have  cost  about  $75,000;  the  pumped  wells  and  their  instal- 
lation, therefore,  represent  a  capital  of  $225,000. 

Of  the  3,300  wells,  about  1,635,  nearly  one-half,  were  artesian  in 
the  spring  of  1904,  and  their  estimated  cost — the  estimate  being 
based  on  reports  from  about  800 — was  $400,000. 

There  are  about  700  windmill  wells  in  the  area,  which,  with  the 
mills  with  which  they  are  equipped,  represent  an  outlay  of  approxi- 
mately $200,000.  The  790  domestic  wells  that  niake  up  the  balance 
of  the  3,300  must  bring  the  total  capital  invested  in  wells  and  equip- 
ment in  the  Downey  and  Las  Bolsas  quadrangles  to  the  neighbor- 
hood of  $1,000,000.  This  is  independent  of  the  money  invested  in 
ditches,  pipes,  or  other  devices  for  the  distribution  of  the  water  for 
irrigation. 
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The  possible  yield  of  these  wells  is  very  large.  The  output  of  the 
pumping  plants  when  in  service,  based  upon  the  measured  or  reported 
yield  of  five-sixths  of  their  number,  is  26«5  second-feet.  The  flow 
from  685  of  the  1,635  artesian  wells  is  over  200  se<»ond-feet,  an  average 
of  about  15  miner's  inches  to  each  well.  If  this  average  is  main- 
tained by  each  of  the  1,635  wells,  the  total  yield  approaches  5U0 
second-feet,  and  the  combined  capacity  of  the  pumping  plants  and 
artesian  wells  exceeds  750  second-feet,  or  37,500  miner\s  inches.  It 
is  difhcult  to  estimate  how  much  of  this  yield  is  actually  used.  The 
pumping  season  varies  from  fifty  to  one  hundred  and  twen  y-five 
days  usually.  As  artesian  water  is  cheaper  than  pumped  water  it 
is  used  more  freely,  and  many  wells  flow  unchecked  throughout  the 
year.  Others  are  open  only  during  the  actual  irrigating  season.  On 
the  whole  it  is  considered  conservative  to  estimate  that  the  yield  of 
750  second-feet  is  maintained  for  two  or  three  months  of  the  twelve, 
equivalent  to  a  continuous  withdraw^al  of  developed  water  amount- 
ing to  from  125  to  200  second-feet  throughout  the  year  from  the  208 
square  miles  of  the  coastal  plain  which  are  included  in  the  Downey 
and  Las  Bolsas  quadrangles. 

EFFECTS  OF  DEVELOPMENT  OF  UNDERGROUND  WATERS. 

This  development,  which  began  in  a  small  way  forty  years  ago  and 
has  continued  at  an  accelerating  rate  since,  the  increase  in  the  number 
and  aggregate  yield  of  wells  having  been  particularly  marked  during 
the  last  decade,  must  inevitably  affect  the  quantity  of  water  in  the 
underground  reservoir  from  which  the  wells  draw. 

Before  development  began  the  outlines  of  the  artesian  basin  and 
the  ground-water  level  expressed  a  condition  of  balance  between  the 
.^uppl}'  and  the  natural  drainage  at  that  time.  With  any  marked 
increase  in  supply,  such  as  may  have  been  brought  about  by  a  series 
of  years  of  excessive  rainfall,  the  ground-water  level  would  rise, 
increasing  the  flow  from  all  sources  fed  by  it,  and  the  artesian  area 
would  expand  and  pressure  within  it  would  increase,  thus  increasing  the 
yield  of  those  springs  and  streams  whose  sources  were  artesian  waters, 
until  this  increased  discharge  balanced  the  temporarily-  increased  sup- 
ply, and  a  condition  of  stability  resulted.  Similarly,  during  a  series 
of  dry  years  the  ground-water  level  fell  and  the  artesian  area  con- 
tracted, until  drainage  declined  to  an  equality  with  the  decreased 
supply.  Thus  ground-water  levels  and  artesian  areas  varied  within 
certain  limits  previous  to  the  change  in  conditions  brought  about  by 
development.  But  with  the  appearance  of  man  upon  the  scene,  dis- 
turbing elements  were  introduced.  The  first  change  in  natural  con- 
ditions consisted  of    the  diversion  of   the  normal  summer  flow  of 
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streams,  which  before  the  diversion  sank  and  added  their  volume  to 
the  stored  subsurface  waters.  A  part  of  this  flow,  it  is  true,  was 
added  to  the  underground  supply  after  diversion  in  the  form  of 
return  waters  from  irrigation,  but  the  amount  thus  added,  while  a  vari- 
able proportion  of  the  original,  is  always  distinctly  a  minor  part  of 
it.  It  may  be  roughly  estimated  to  run  from  5  to  50  per  cent  of  the 
whole.  Thus  the  supply  was  sensibly  diminished.  Meanwhile,  the 
boring  of  numerous  wells  in  the  artesian  area  increased  the  freedom 
of  drainage.  This  factor  at  a  later  stage  of  development  was  ren- 
dered more  important  by  the  installation  of  pumping  plants  outside 
of  the  artesian  belt.  The  water  secured  by  these  means,  like  that 
secured  by  stream  diversion,  was  largely  used  for  irrigation  and  a  por- 
tion of  it  thus  returned  to  augment  the  ground-water  supply.  Yet 
transpiration  through  the  plants  and  evaporation  in  the  ditches,  and 
especially  from  the  soil  surface  in  the  process  of*  irrigation,  dissipates 
the  greater  part  of  the  water  thus  appUed. 

These  two  disturbing  elements — the  decrease  of  supply  and  the 
increase  of  drainage  through  development — must  destroy  the  balance 
reached  before  they  were  introduced,  and  bring  about  a  readjust- 
ment of  the  ground-water  level  and  a  rearrangement  of  the  outlines 
of  the  artesian  areas.  Since  they  both  operate  in  one  direction, 
namely,  to  lessen  the  amount  of  ground  water,  the  readjusted  water 
level  must  stand  at  a  lower  point  than  the  original  level,  and  the  new 
outlines  of  the  artesian  area  must  be  within  the  original  outlines. 

PERMANENCE  OF  UNDERGROUND-WATER  SUPPLY. 

The  entire  coastal  plain,  underlain  everywhere  by  saturated  sands, 
gravels,  and  clays,  has  an  extent  of  775  square  miles.  Under  about 
one-fourth  of  this  area  the  waters  are  under  pressure  and  are  artesian. 
The  thickness  of  these  saturated  gravels  is  unknown,  but  wells  more 
than  1,300  feet  deep  near  the  inner  edge  of  the  plain  fail  to  reach  bed 
rock.  It  is  safe  to  say  that  over  much  of  the  area  their  thickness 
must  be  expressed  in  thousands  rather  than  in  hundreds  of  feet. 
There  can  be  no  doubt  that  practically  all  of  this  mass  is  saturated, 
so  that  the  total  amount  of  water  which  exists  there  is  enormous. 
Its  sole  source  is  the  rainfall  within  the  drainage  basins  tributary  to 
the  coastal  plain,  but  the  gravels  themselves  and  the  water  satu- 
rating them  have  accumulated  during  long  periods,  and  since  the 
waters  always  have  been  supplied  much  more  rapidly  than  the  grav- 
els they  move  slowly  through  as  well  as  over  these  from  an  intake 
along  the  inner  edge  of  the  coastal  plain  and  along  the  washes  of 
the  streams  to  an  outlet  at  a  lower  point  nearer  the  coast.  The 
underground  waters  then  are  not  in  any  sense  lake-like;  they  simply 
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fill  the  voids  in  the  gravels,  sands,  and  clays,  and  move  at  varying 
rates  through  these  voids,  under  the  impulse  of  gravity  and  pres- 
sure from  a  constant  if  varying  supply  received  chiefly  at  the  inner 
edge  of  the  plain.  This  continuous  movement  seaward  checks  any 
tendency  of  the  sea  water  to  move  inland.  It  is  indeed  so  com- 
pletely paramount  that  it  is  probable  that  wells  sunk  into  the  sea 
floor,  at  short  distances  off  the  coast,  would  at  many  points  yield 
fresh  water,  and  probably  fresh-water  springs  discharge  into  the  sea 
at  numerous  localities. 

While  the  total  amount  of  water  underlying  the  coastal  plain  then 
is  large,  only  a  small  portion  of  it  can  be  made  available  for  purposes 
of  irrigation.  Only  that  part  which  is  sufficiently  near  to  the  surface 
to  pump  at  a  profit,  say  within  250  feet,  or  which,  although  found  at  a 
greater  depth,  will  rise  under  artesian  pressure  to  or  near  to  the  sur- 
face, can  be  utilized.  Obviously  this  useful  surface  zone  is  most 
sensitive  to  diversions  of  the  supply,  or  to  any  of  the  forms  of  drain- 
age which  are  included  in  the  general  term  *  development.''  No 
matter  from  what  part  of  a  reservoir  the  water  may  be  drawn,  the 
surface  will  be  lowered;  hence  the  fact  that  an  enormous  quantity 
of  water  is  stored  beneath  the  coastal  plain  has  no  particular  bearing 
upon  the  practical  aspects  of  the  case.  The  amount  of  water  within 
reach  and  the  rate  of  its  withdrawal  and  replenishment,  not  the  total 
amount  existing,  are  of  moment  to  the  water  user.  Thus  in  this 
discussion  the  exhaustion  of  the  underground  supplies  means  the  low- 
ering of  the  water  level  until  the  cost  of  pumping  absorbs  all  the 
profits  from  the  crops  raised  and  so  becomes  prohibitive. 

With  the  original  ground-water  level  and  the  original  outlines  of 
the  artesian  basin  in  the  Downey  and  Las  Bolsas  quadrangles,  there 
was  but  little  if  any  of  the  valley  or  mesa  land  which  did  not  have 
water  within  easy  reach.  With  the  shrinkage  of  the  artesian  belt, 
a  broad  zone  along  the  north  edge  of  the  Downey  quadrangle  in 
which  water  originally  flowed,  was  thrown  into  the  pumping  zone. 
Water  here  now  has  to  be  lifted  and  there  is  a  tendency  to  complain 
because  of  the  increased  cost  and  trouble  of  this  method.  The 
general  effect  is  excellent,  however,  because  there  are  few  artesian 
wells  which  are  not  misused.  This  cheap  form  of  water  induces  care- 
lessness, almost  invariably  more  water  is  applied  than  is  needed, 
and  the  result  is  not  only  a  loss  of  water  but  injury  to  the  land. 
With  the  more  costly  pumped  water,  greater  care  is  exercised  in  its 
application.  It  maybe  stated,  then,  that  throughout  the  zone  origi- 
nally artesian,  but  no  longer  so,  a  marked  saving  has  been  effected 
in  the  amount  of  water  used,  even  where  the  acreage  under  irrigation 
has  not  diminished. 
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The  rate  of  the  general  lowering  of  the  water  plane  throughout  the 
central  coastal  plain  belt  and  the  accompanying  contraction  of  the 
artesian  area  have  of  course  been  accelerated  by  the  series  of  dry 
years  from  1893  to  1900,  and  by  the  moderate  rainfall  slightly  below 
the  average  since.  In  consideration  of  the  fact  that  all  of  the 
changes  in  natural  conditions  which  are  due  to  man's  use  of  water 
have  tended  to  reduce  the  supply  and  so  to  disturb  the  balance,  of 
which  the  original  artesian  outlines  and  the  original  ground-water 
level  were  the  expression,  it  must  be  concluded  that  a  part  at  least  of 
this  lowering  and  contraction  is  due  to  development  and  is  per- 
manent. 

Furthermore,  so  long  as  the  new  developments  result  in  adding  to 
the  amount  of  water  produced  in  a  given  area,  the  decline  must  con- 
tinue. With  the  decline,  springs  decrease  in  yield  or  cease  to  flow, 
artesian  wells  fall  off  in  output,  and  pumping  plants  are  used  more 
sparingly,  because  the  water  has  become  more  expensive,  so  that 
finally  the  decrease  in  the  amount  of  water  secured  by  these  means 
reduces  the  output  to  an  equality  with  the  supply.  Then  a  new 
balance  is  reached,  and  the  water  level  no  longer  falls.  The  point 
at  which  this  new  balance  is  reached  depends  upon  the  amount  of 
development.  The  greater  this  amount  the  lower  the  water  level 
will  fall. 

The  rate  of  this  lowering,  even  under  the  influence  of  the  great 
development  which  has  taken  place  in  the  coastal  plain,  especially 
within  the  last  decade,  has  been  very  slow,  even  during  the  dry  years, 
and  will  be  still  slower  during  years  of  average  rainfall,  because  the 
body  of  water  drawn  upon  is  so  great  and  the  accessions  from  floods 
and  return  waters  so  nearly  balance  the  withdrawals.  It  will  not 
continue  indefinitely  if  development  ceases  now,  because  the  drafts 
decrease  as  the  water  plane  lowers  and  the  artesian  area  shrinks, 
and  probably  in  part  because  with  the  drainage  of  the  gravels  the 
absorptive  capacity  is  increased,  so  that  a  smaller  proportion  of  the 
occasional  floods  escapes  over  them  to  the  sea.  But  the  shrinkage 
which  is  now  in  progress  and  which  is  expected  to  continue  inter- 
mittently for  some  years,  being  interrupted  by  periods  of  partial 
restoration  during  winters  of  unusual  rainfall,  does  not  affect  all 
parts  of  the  coastal  plain  alike.  Always  those  parts  of  an  artesian 
belt  which  lie  nearest  its  lower  edge  are  affected  last  and  least  by 
the  shrinkage.  Wells  will  continue  to  flow  here  after  they  have 
ceased  elsewhere,  and  pressures  will  be  maintained  here  after  they 
have  seriously  diminished  at  other  points.  It  is  probable  that  in 
so  large  a  basin  as  that  of  the  coastal  plain  some  of  these  most 
favorably  located  wells  will  never  cease  to  flow. 
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The  favored  places  for  tapping  the  ordinary  ground  waters  are  not 
distributed  exactly  as  are  those  for  tapping  waters  under  pressure. 
Ground  water  will  always  be  found  near  the  surface,  just  above  the 
upper  edge  of  an  artesian  area,  but  in  addition  it  is  not  infrequently 
found  within  easy  reach  near  the  source  of  supply  for  a  basin,  as 
just  below  the  Paso  de  Bartolo,  while  the  decline  is  greatest  in  some 
intermediate  region.  If  ground  water  remains  close  to  the  surface 
near  the  mtake  of  a  basin,  while  its  levels  are  generally  lower  in  other 
localities,  it  is  because  there  is  some,  obstruction  below  the  body  of 
ground  water  which  holds  up  the  percolating  moisture  for  a  time. 
Such  an  obstruction  may  be  a  bed-rock  shelf,  extending  out  from 
near-by  bed-rock  hills,  or  it  may  be  only  a  body  of  fine  clay  or  dense 
alluvium. 

Declines  will  likewise  be  greater  in  the  immediate  vicinity  of 
developments,  unless  those  developments  are  along  a  line  of  strong 
underground  flowage,  in  which  case  the  effect  of  intercepting  this 
flowage  may  be  more  marked  at  some  point  below,  which  is  sup- 
plied by  it,  than  in  the  immediate  neighborhood  of  the  intercepting 
wells.  In  the  relatively  fine  sands  and  gravels  of  the  coastal  plain, 
however,  through  which  the  water  probably  percolates  ordinarily 
at  a  rate  of  less  than  25  feet  per  day,  the  effect  of  a  battery  of  pumps 
must  be  to  draw^  out  the  near-by  w^ater  more  rapidly  than  it  is  replaced 
by  the  slow  inflow  and  thus  to  lower  the  water  plane  locally  to  a 
marked  degree.  With  the  cessation  of  pumping,  this  zone  is  filled 
attain  by  infiltration  from  the  surrounding  saturated  gravels,  the 
effect  being  finally  to  spread  the  depression  in  the  water  plane  over 
an  area  so  wdde  that  it  is  no  longer  measurable. 

A  continuous  series  of  observations  upon  the  fluctuations  in  the 
ground-water  level  has  not  been  maintained  at  any  point  in  the  area 
under  discussion,  but  at  Anaheim,  a  few  miles  east,  systematic 
records  have  been  kept  since  February,  1898,  by  Mr.  J.  B.  Neff. 
These  are  of  great  value  for  comparison  with  rainfall  records,  and 
when  so  compared  throw  much  light  upon  the  relative  importance 
of  development  and  drought  in  bringing  about  the  decline  in  water 
levels  which  has  been  so  generally  observed  throughout  southern 
California  during  the  past  decade. 
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RainfaUf  in  inches,  at  Ajiaheim,  Col. 


Year. 

July. 

0.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
Tr. 
.00 
.00 
.00 
.00 
.00 
Tr. 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
Tr. 
.00 

Aug. 

0.00 
.00 
.00 

1  •« 

.00 
Tr. 
.00 
.00 
Tr. 
.00 
.00 
Tr. 
.00 
.00 
.00 
.00 
Tr. 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

1 
Sept. 

L 

0.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
Tr. 
.00 
.76 
.29 
.00 
.00 
.00 
.10 
.00 
.00 
.10 
Tr. 
.07 
.00 
.00 
.00 
.38 

Oct. 

1 
0.15 

.11 

.28 

.81 

.26 

1.12 
.15 
Tr. 
.00 
.75 
Tr. 

2.31 
.00 
.00 
.19 
.00 
.00 
•  .00 

1.98 

1.60 
.00 

1.32 
.34 

1.34 
.40 
.06 

Nov. 

1 

Dec. 

1 

Jan. 

Feb. 

Mar. 

Apr. 

0.37 

2.20 
.06 
.48 
.10 

1.75 
.64 

2.51 

2.21 
Tr. 
.24 
.00 

1.81 
.15 
.23 
.13 
.05 
Tr. 
.00 
.20 
.20 

1.09 
Tr. 
.11 

4.47 
.82 

May. 

Tr. 

0.00 
.00 
.40 

2.78 
.54 
.00 
.00 
Tr. 
.00 
.57 
Tr. 
.40 

1.48 
.00 
.10 
.10 
.00 
.00 

1.00 
.00 

1.49 

2.30 
.07 
.00 
(?) 

June. 

0.00 
.00 
.00 
.00 
.00 
1.28 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.51 
.09 
.00 
Tr. 
.00 
.00 

Total- 

1878-79 

Tr.     0.ft5 
1.72     3.10 
.44     4.92 
.  v4  j     .  Of 
.78       .00 
.00     1.40 
.64  ,  3.72 
'2.93     1-16 

1.96 
1.29 

.25 

.40 
1.48 
2.80 

.61 
4.63 

.43 
6.29 

.14 
3.36 

.24 

.77 
2.98 

.68 
6.92 
3.25 
3.00 
1.65 
2.78 
1.29 
3.50 
1.70 
1.22 

.19 

0.57 

1.32 

.28 

1.90 

1.96 

10.58 

.00 

1    .82 

5.71 

.92 

1.28 

l.M 

9.05 

2.35 

2.06 

.35 

.68 

.00 

4.35 

.10 

.15 

.00 

3.11 

3.16 

2.61 

1.39 

0.35 
1.57 

.85 
2.42 
1,22 
6.70 

.00 
2.70 

.00 
5.90 
7.97 

.78 

.59 
1.23 
6.07 

.48 
2.63 
3.03 
2.20 
1.00 
1.61 

.73 

.  Ov 

3.20 
5.58 
.3.61 

4.35 

1879-80 

11.31 

1880-81     

7.08 

1881-82 

7. 12 

1882-83 

8.6(3 

1883-84 

28.17 

1884-85 

5.76 

1885-86 

14.75 

1886-87 

.33 

.92 

3.75 

Tr. 
2.16 
4.10 

8.68 

18S7-88...-. 

16.94 

1888-89 

18.14 

1889^90 

.30   10.95 
.19     3.36 
.00     1.44  ^ 
.  v%      1 .  4o 
.30     2.38 

20.00 

1890-91 

15.93 

1891-92 

7.42 

1892-93 *!. 

13.95 

1893-94 

4,42 

1894-95 

.00 
.97 

1.40 
.00 
.00 
.84 

4.81 
.50 

5.69 
.48 

1.59 
.00 
.20 

1.45 

.00 

no 

16.07 

1895-96 

1896-97 

1897-98 

1888-99 

1899-1900 

190(V-1901 

1901  2 

7. 73 

14.52 

5.65 

5.25 

8.37 

14.65 

10.08 

1902-3 

1 .  36     3. 83 

.00       no 

19  47 

1903-4 

6.45 

Average,  twenty-six  years,  11.45  inches. 

The  Anaheim  records  have  been  discussed  in  an  earlier  paper;'' 
but  as  the  conclusions  to  be  drawn  from  them  are  of  general  interest, 
a  r4sum6  of  the  discussion  is  repeated  here. 

For  purposes  of  comparison  with  Mr.  NefT's  profile,  the  rainfall 
records  at  Anaheim  and  Los  Angeles  have  been  plottecl  in  such  a 
way  as  to  bring  out  particularly  the  departures  from  the  average 
at  each  of  these  places.  At  Anaheim  rainfall  records  covering  a 
period  of  twenty-six  years  are  available,  and  the  average  for  thLs 
time  has  been  11.45  inches.  At  Los  Angeles  records  have  been  kept 
for  twenty-seven  years,  and  the  average  is  15.35  inches.     The  San 
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Beraardino  average  for  thirty-four  years  is  15.06  inches.  In  the 
charts  wliich  have  been  prepared  these  averages  are  selected  as  base 
lines,  and  the  amount  of  rainfall  in  excess  of  the  average  for  any 


Cal.    "  ATers^  tor  %  yesri 


year  is  plotted  above  this  base,  and  the  deficiency  for  any  year  below 
it.  Thus  one  sees  at  a  glance  what  years  are  years  of  excessive 
rainfall  aod  what  are  years  of  deficiency. 
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nu 
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UAL 

iltK)! 

(iMlA 

11 

I*' 

«u.  xoo. 

1 
July. 

Rain 

Aug. 

faU,  i 

n  inches,  at  San  Bernardino, 

Oct.    Nov.    Dec.    Jan.    Feb. 

1 

Cal. 
Mar. 

.\pr. 

May. 

June. 

Year. 

Sept. 

TotAl. 

1870-71 

0.00 

0.00 

0.02 

0.09 

3.11 

0..89 

6.91 

2.21 ; 

0.19 

0.34 

0.11 

0.07 

13.W 

1871-72 

.00 

.04 

.13 

.60 

.88 

3.91 

.00 

2.20  1 

.37 

.79 

.06 

.00 

8.08 

1872-73 

.00 

.18 

.04 

.00 

1.17 

4.40 

6.50 

1.25 

.51 

.84 

.21 

.00 

15. 10 

1873-74 

.00 
.00 
.00 
.00 

1.06 
.00 
.00 
.00 

.02 
.06 
.00 
.00 

.01 

.74 

5.r3 

2.20 

.02 

.00 

5.51 
7.20 
6.  .55 
3.50 

8.76 

.15 

1.92 

4.03 

1.08 
.22 

3.41 
.83 

.48 
.07 
.44 
.26 

.42 
.05 

.a3 

.30 

.00 
.00 
.03 
.00 

23.81 

1874-75 

1.82  '   1.88 
.00     7.50 
.20  '     .40 

13.65 

1875-76 

19.90 

1876-77 

9.52 

1877-78 

.00 

.00 

.00 

.86       .50 

3.95 

3.33 

6.68 

2.57 

1.71 

.66 

.07 

20.33 

1878-79 

.07 

.00 

.02 

.14 

.a5 

4.70 

3.59 

1.00 

.50 

1.20 

.24 

.03 

11.54 

187^-80 

.11 

.02 

.01 

.94 

3.40 

6.50 

1.56 

1.33 

1.45 

5.00 

.04 

.00 

20.36 

1880-81 

.00 

.00 

.00 

.14 

.67 

8.80 

1.40 

.36 

1.66 

.46 

.01 

.00 

13.50 

1881  82 

.00 
.00 
.19 

.00 
.00 
.00 

.00 
.00 
.53 

.80       .27 
.10       .15 
.STy  '     .09 

.50 

.45 

2.63 

1.11 
1.60 
1.63 

2.65 

1.10 

12.20 

3.30 
2.82 
9.95 

2.91 
2.95 
5.68 

.00 

.«) 

3.17 

.00 
.00 
.59 

11.. SI 

1882-83 

9.17 

1883-*! 

37.51 

1884-85... 

.00 

.00 

.00 

.00  j     .11 

3.75 

2.79 

.11 

.28 

1.89 

1.69 

.19 

10.81 

ISS.'*  86 

.00 

.00 

.00 

.39     4.36 

1.30 

6.34 

2.52 

4.18 

2.36 

.32 

.16 

21.8:i 

1886-«7 

.00 

.00 

.00 

.00       .11 

.61 

.39 

6.44 

4.41 

1.90 

.42 

.22 

14.50 

1887-88 

.11 

.04 

.09 

1.17     2.29 

1.91 

4.01 

3.60 

3.41 

.r»8 

.52 

.03 

17.76 

1888-89 

.00 

.00 

.00 

.05     4.12 

4.64 

.93 

1.50 

6.55 

2.05 

1.13 

.00 

20.97 

1889-90 

.17 
.13 

.63 
2.16 

.11 

.88 

2.30     2.23 
.58     1.27 

10.85 
3.02 

5.44 
.00 

2.52 

7.78 

.8$) 
.06 

.00 
.53 

,31 
1.67 

.00 
.00 

25.45 

1890-91 

18.08 

1891-92 

.00 

.91 

.93 

Tr.      Tr. 

1.67 

3.24 

3.30 

1.75 

.37 

2.10 

.08 

I4.;j5 

1892-93 

.00 
.20 
.00 
.00 

.00 
.00 
.16 
.00 

.00 
.05 
.37 
.00 

.16  ,  1.02 

i.a5     .;» 

.15       .00 
.00     1.14 

2.23 

2.28 

7.25 

.66 

4.53 
1.26 
7.39 
2.02 

3.37 

1.14 
.00 

8.00 
1. 15 
3.44 
2.92 

.48 
.40 
.64 
.37 

.03 

.56 

.44 

1.00 

.00 
.00 
.00 
.00 

19.82 

1893-94 

8. 13 

1894-95 

20. 9S 

1885-96 

8.11 

1896-97 

Tr. 
Tr. 

.17 
.00 

.00 
.13 

2.10       .98 
2. 10       .  21 

1.09 
.57 

3.40 
2.10 

5.40 
.60 

3.41 
.97 

.08 

.48 

.11 
1.08 

.00 
.00 

16.74 

1897-98 

8.24 

1898-99 

.00 

.00 

.00 

.OJ       .05 

.44 

2.03 

.51 

3.22 

.07 

.19 

.95 

7.40 

1899-1900 

.00 

Tr. 

.01 

.81      1.47 

.84 

.92 

.00 

.92 

1.96 

1.71 

.00 

8,04 

1900-1901 

.34 

.00 

.23 

.36     6.10 

.00 

3.48 

4.58 

.43 

.56 

1.23 

.05 

17.36 

1901-2 

.00 
.01 

.27 
.00 

.07 
.00 

1.09       .28 
.09     1.94 

.04 
1.94 

1.65 
1.96 

3.02 
1.67 

3.89 
6.47 

.57 
3.10 

.12 
.24 

.15 
.00 

11.15 

1902-^3 

17.42 

1903-4 

.00 

.15 

.46 

.07 

.00 

.00 

.18 

2.21 

5.34 

.80 

.16 

.00 

9.37 

Average,  thirty-four  years,  15.06  inches. 

Since  the  rainfall  which  is  most  efficient  in  supplying  the  surface 
and  subsurface  waters  of  the  coastal  plain  is  that  which  falls  in  the 
mountains  in  which  Los  Angeles,  San  Gabriel,  and  Santa  Ana  rivers 
rise,  the  Los  Angeles  and  the  San  Bernardino  rainfall  charts  are  of 
more  value  for  purposes  of  comparison  with  the  profile  of  the  water 
level  than  the  Anaheim  record,  which  indicates  coastal  conditions. 

Each  of  these  records  shows  that  during  the  past  eleven  rainy 
seasons  there  has  been  a  marked  deficiencv.  For  seven  of  the 
eleven  this  deficiency  aggregates  about  52  inches  at  Los  Angeles  and 


PERUANKNCR. 


alwut  45  inches  at  San  Bernardino,  while  the  other  four  years  give 
excessive  precipitatious  of  12  inches  at  San  Bernardino  and  7  inches 
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»t  Los  Angeles.     The  average  deficiency  during  the  period,  there- 
fore, has  been  about  26  per  cent  at  Los  Angeles,  20  per  cent  at  San 
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Bernardino,  and  11  per  cent  at  Anaheim.  So  marked  a  falling  off 
in  rainfall  is  in  itself  .sufficient  to  account  for  much  shrinkage  in 
the  ground  waters,  hence  a  general  decline  in  water  levels  is  not 
surprising. 

Rainfallj  in  inches,  at  Los  Angeles,  Cal. 


Year. 


1877-78. . . 
1878-79. . . 
1879-80. . . 
1880-81... 
1881-«2. . . 
1882-83... 
1883-84... 
1884-«... 
1885-86... 
188B-87... 
1887-88... 
1888-89... 
1889-90... 
1890-91... 
1891-92. . . 
1892-93... 
1893-94... 
1894-95... 
18a'i-96. . . 
1896-97... 
1897-98. . . 
1898-99... 
1899-1900. 
1900-1901 . 
1901-2. . . . 
1902-3.... 
1903-4.... 


July. 

Aug. 
0.00 

Sept. 
0.00 

Oct. 
0.86 

Nov. 
0.45 

Dec. 

Jan. 
3.33 

Feb. 
7.68 

Mar. 
2.57 

Apr. 

1.71 

May. 
0.66 

June. 
0.07 

Total 

0.00 

3.93 

21.26 

•00 

Tr. 

.00 

.14 

Tr. 

4.70 

3.59 

.97 

.49 

1.19 

.24 

.08 

11.35 

.00 

.00 

.00 

.93 

3.44 

6.53 

1.33 

1.56 

1.45 

5.06 

.04 

.00 

20.  ,34 

Tr. 

Tr. 

.00 

.14 

.67 

8.40 

1.43 

.36 

1.66 

.46 

.01 

.00 

13. 13 

.00 

Tr. 

Tr. 

.82 

.27 

.52 

1.01 

2.66 

2.66 

1.83 

.63 

Tr. 

10.40 

.00 

.00 

Tr. 

.05 

1.82 

.08 

1.62 

3.47 

2.87 

.15 

2.02 

.a3 

12.11 

Tr. 

.00 

.00 

1.42 

.00 

2.56 

3.15 

13.37 

12.36 

3.54 

.34 

1.39 

38.13 

Tr. 
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Average,  twenty-seven  years,  15.35  inches. 

A  close  examination  of  the  Anaheim  profile  shows  that  the  decline 
was  steady  and  uninterrupted  during  the  three  very  dry  years  which 
preceded  and  included  the  winter  of  1899-1900.  The  succeeding 
winter  was  one  in  which  the  rainfall  at  Anaheim,  at  Los  Angeles,  and 
at  San  Bernardino  was  somewhat  in  excess  of  the  normal,  the  excess 
varying  from  9  per  cent  at  Los  Angeles  to  28  per  cent  at  Anaheim. 

During  the  early  part  of  the  winter  of  1901  the  Anaheim  profile 
shows  a  sharp  rise  in  the  water  level,  thie  gain  during  the  first  three 
months  of  the  year  being  approximately  2  feet,  but  by  the  middle  of 
the  succeeding  August  the  water  had  fallen  again  to  a  lower  level 
than  it  had  reached  at  any  time  before  this  winter,  whose  rainfall 
exceeded  the  normal. 


PERMANENCE. 


In  short,  the  decline  continued  during  a  winter  of  excessive  rain- 
i*U.  Throughout  the  season  of  1901-2  also  it  continued,  but  as  this 
*gain  Was  a  winter  of  marked  deficiency,  a  loss  was  to  be  expected. 
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But  the  season  of  1902-3  was  again  a  winter  of  rainfalT  in  excess. 
This  excess  amounted  to  about  15  per  cent  of  the  normal  at  San 
Bernardino,  about  70  per  cent  at  Anaheim,  and  about  22  per  cent  at 
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Los  Angeles.  The  effect  upon  the  Anaheim  water  level,  while  less 
marked  than  that  of  the  heavy  rainfall  two  years  before,  was  more 
lastng,  the  risfe  of  April  and  May,  1903,  not  being  wholly  lost  untU 
January  1,  1904.  Since  that  time  there  has  been  no  heavy  rainfall 
and  the  decline  has  been  continuous. 

The  important  point  in  this  comparison  is  the  fact  that  the  water 
level  has  continued  to  decline  during  two  years  of  marked  excess  in 
precipitation.  This  fact  seems  to  point  unmistakably  to  excessive 
drafts  upon  the  underground  waters  in  the  region  to  which  it  applies. 

Direct  observations  of  this  kind  have  not  been  made  in  the  Downey 
quadrangle,  where  there  are  only  the  general  phenomena  of  decline 


Fio.  4.— Diagram  Bbowlng  variation  of  vacer  ]«ve1  Dear  Anatialm^  Cal. 

from  which  to  draw  conclusions.  The  artesian  area  exhibits  as 
marked  snrinkage  in  the  Downey  as  in  the  Anaheim  region,  and  it  is 
known  that  ground-water  levels  have  fallen  there  markedly.  There 
are  more  artesian  wells  but  fewer  pumping  plants.  Since  the  yield . 
of  flowing  wells  is  very  sensitive  to  the  fluctuations  in  the  ground- 
water levels  and  to  the  accompanying  changes  in  pressure,  while  the 
output  of  pumped  wells  responds  much  less  freely  to  these  variations, 
pumping  may  be  considered  the  more  efficient  agent  in  reducing  the 
supply.  So  as  yet  the  conditions  at  Anaheim  are  thought  to  be 
extreme  rather  than  general.  The  unlimited  extension  of  develop- 
ments, however,  may  soon  result  in  their  becoming  general. 
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SUMMARY. 

The  discussion  and  conclusions  as  to  the  underground  water 
supply  in  the  central  coastal  plain  region  may  be  summarized  thus: 

(a)  The  supply  is  large,  since  it  consists  of  the  water  saturating 
all  of  that  part  of  the  coastal  plain  gravels  within  pumping  distance, 
say  250  feet  from  the  surface,  over  an  area  of  600  or  700  square  miles. 

(()  The  annual  additions  to  the  supply  are  large,  consisting  of  a 
part  of  the  flood  waters  of  the  San  Gabriel,  Los  Angeles,  and  Santa 
Ana  rivers,  of  the  return  waters  from  irrigation  on  the  coastal  plain, 
of  the  relatively  small  underflow  of  the  rivers  named,  and  of  local 
rainfall  upon  this  part  of  the  coastal  plain  and  the  adjacent  hills. 

(c)  The  drafts  upon  these  waters  are  large  and  seem  certainly 
to  be  in  excess  of  the  supply  in  parts  of  the  area  at  present. 

(i)  With  present  developments  the  water  plane  is  expected  to 
continue  slowly  to  decUne,  and  the  artesian  area  to  shrink  until 
drainage  is  checked  by  these  shrinkages  at  a  point  where  it  no  longer 
exceeds  supply.     This  decline  should  not  prove  serious  if  present^ 
developments  are  not  greatly  increased, 

(e)  So  long  as  water  developments  continue  at  a  rate  which 
increases  the  output  the  shrinkage  will  continue. 

(/)  The  lowering  of  the  ground-water  level  and  the  shrinkage  of 
artesian  areas,  even  with  continued  development,  will  no  doubt  be 
interrupted  by  periods  of  rising  water  levels  and  expanding  artesian 
areas,  which  will  follow  seasons  of  excessive  rainfall. 

(^)  The  shrinkage  of  the  artesian  belt  will  be  most  manifest  along 
its  northern  edge.  The  efiFect  farther  south  will  be  rather  a  decrease 
of  flow  and  a  lessening  of  pressure. 

Qi)  Shallow  artesian  wells  will  generally  be  affected  earlier  and  to 
a  more  marked  extent  than  deeper  ones. 

DB8CBIPTION  OF  MAPS  AND  TABIiBS. 

The  maps  in  this  paper  show  the  lands  irrigated  in  1903-4,  the 
irrigation  canals,  all  of  which  head  in  or  near  the  Paso  de  Bartolo, 
the  present  and  the  original  artesian  basins,  and  the  location  of 
wells,  artesian,  pumped,  or  domestic,  in  the  Downey  and  Las  Bolsas 
quadrangles  (Pis.  I,  II,  and  TV). 

The  irrigated  lands  and  those  not  irrigated  are  less  clearly  differ- 
entiated in  the  naturally  more  or  less  moist  lands  of  the  lower  parts 
of  the  coastal  plain  than  on  the  dry  mesa  and  bench  lands,  and 
irrigation  practice  is  often  vague  and  unsystematic  there.  In  many 
cases  winter  irrigation  is  practiced,  the  waters  of  the  San  Gabriel 
reaching  the  lower  stretches  of  the  river  channel  or  the  lower  ditches 
only  at  this  season,  when  water  is  abundant.  It  is  then  used  to 
augment  the  rainfall  on  pasture  lands.     Irrigation  of  this  type  is 
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included  in  our  classification  of  irrigated  lands.  The  total  area 
under  irrigation  in  the  Downey  and  Las  Bolsas  quadrangles  is  nearly 
45,000  acres,  or  about  25  per  cent  of  the  total  area. 

The  map  of  the  artesian  basin,  past  and  present  (PI.  I),  is  self- 
explanatory.  It  is  to  be  said,  however,  that  the  boundaries  differ 
for  wells  of  differing  depth,  since  deep  wells  may  flow  when  they 
are  some  distance  farther  north  than  shallower  wells  that  have 
ceased  to  flow. 

As  the  limits  have  been  drawn  on  the  maps  they  include  within 
the  artesian  area  all  wells  flowing  at  the  time  the  data  were  collected 
in  the  summer  of  1903  and  the  succeeding  w^inter.  After  a  very 
wet  year  the  northern  boundary  of  the  present  artesian  area  may 
shift  to  the  north;  with  average  rainfall  and  continued  development 
it  will  probably  shift  to  the  south.  The  southern  limit  should  show 
but  little  change. 

Outside  of  the  artesian  basin  the  ground-water  level  has  been 
shown  by  hydrographic  contours  (PI.  I).  These  are  Unes  showing 
the  elevation  of  the  surface  of  the  plane  of  saturation.  The  depth 
to  ground  water  at  any  point  is  determined  by  finding  the  differ- 
ence between  the  elevations  indicated  by  the  topographic  contours 
and  those  indicated  by  the  hydrographic  contours.  The  fine  of 
hills  which  forms  the  southern  limit  of  the  artesian  basin  follows  a 
zone  in  which  the  water  levels  are  so  irregular  that  it  was  not  prac- 
ticable to  extend  the  hydrographic  contours  across  it. 

Three  kinds  of  symbols  are  used  to  indicate  wells  that  flow,  wells 
at  which  pumping  plants  have  been  installed,  and  the  small  wind- 
mill and  domestic  wells.  Thus  the  map  shows  approximately  the 
artesian  belt  and  the  areas  of  greatest  development  by  pumping. 
Both  artesian  wells  and  pumping  plants  are  constantly  increasing, 
and  by  the  time  thi^  report  is  ready  for  distribution  many  more 
will  exist  than  are  shown  on  the  map,  although  this  list  was  nearly 
complete  for  artesian  wells  and  pumping  plants  at  the  time  the 
field  work  was  finished,  in  the  spring  of  1904.  Many  of  the  small 
domestic  wells  have  not  been  examined  and  do  not  appear  in  the 
lists.  Each  well  visited  has  been  located  on  the  map  and  num- 
bered there.  The  information  collected  concerning  it  appears  in 
the  tables  opposite  this  number.  The  information  includes  the 
name  of  the  owner,  the  rancho,  or,  if  on  public  land  surveys,  the 
town,  range,  and  section,  the  date  of  completion,  the  size  and 
depth  of  the  well,  the  depth  of  water  and  the  elevation  of  its  surface, 
the  approximate  amount  of  dissolved  solids  in  parts  per  100,000, 
the  method  used  in  raising  the  water,  the  approximate  cost  of  the 
well  and  of  the  machinery  installed,  and  the  amount  of  water  secured. 
The  greater  part  of  tliis  information  was  obtained  from  the  owner 
of  the  well,  data  as  to  cost  being  in  all  cases  supphed  by  him.     The 
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depths  of  shallower  wells  that  were  accessible  were  measured.  If 
the  well  is  more  than  300  feet  deep,  or  was  capped  or  otherwise 
closed,  the  owner's  statement  was  taken  or  the  driller's  record 
consulted. 

In  a  great  many  cases  it  was  necessary  also  to  accept  the  owner's 
statement  as  to  the  output  of  his  well.  Tliis  was  particularly  true 
of  the  pumping  plants.  Artesian  wells  could  much  more  often  be 
measured,  and  in  every  case  where  it  was  possible  determinations 
of  output  were  made,  whether  the  water  was  artesian  or  pumped. 
Owners'  statements  are  usually  excessive. 

The  purity  of  the  water  was  rapidly  and  approximately  deter- 
mined in  the  field  with  an  electrolytic  bridge,  the  method  being 
based  upon  the  fact  that  a  definite  relation  exists  between  the 
amount  of  dissolved  soUds  in  the  waters  and  the  electrical  resistance. 
The  degree  of  accuracy  attained  in  this  work  is  probably  somewhat  less 
for  the  Downey  quadrangle  than  for  the  Las  Bolsas  quadrangle,  which 
was  examined  at  a  cooler  season,  as  high  temperatures  affect  the  accu- 
racy of  the  method.  It  is  hoped,  however,  that  the  tests  are  cor- 
rect within  five  or  six  parts  per  1 00,000  in  nearly  all  cases  and  that  their 
usual  accuracy  is  much  closer  than  this.  The  results  are  tabulated 
with  the  other  data  about  the  wells  and  have  also  been  assembled 
on  a  map  (fig.  5)  on  which  the  underground  waters  have  been  classi- 
fied upon  the  basis  of  their  alkalinity,  and  on  which  the  distribu- 
tion of  the  broader  zones  is  shown.  Such  a  map  furnishes  general 
evidence  as  to  the  course  of  the  underground  circulation,  and  in 
this  case  indicates  that  the  waters  which  come  out  through  the 
Paso  de  Bartolo  spread  into  a  broad  stream,  unite  with  those  of  the 
Los  Angeles  and  Santa  Ana  systems,  and  seek  an  outlet  to  the 
ocean  in  the  region  between  Los  Alamito  Beach  and  Newport  Beach. 
The  preparation  of  this  map  showed  that  shallow  weUs,  even  in 
the  areas  of  generally  pure  water,  often  contain  very  notable  amounts 
of  alkalies  and  that  the  deeper  wells  generally  carry  a  smaller  pro- 
portion of  salts  than  the  shallower  ones.  The  zones,  as  they  have 
been  mapped,  represent  the  general  condition  of  waters  drawn  from 
sufficient  depth  to  be  free  from  surface  contamination.  They  illus- 
trate well  the  effect  of  the  run-off  from  the  shale  hills  upon  the 
waters  in  the  adjacent  lowlands,  and  show  also  the  greater  purity 
of  the  ground  waters  in  the  zones  of  freest  underground  circu- 
lation, as  between  the  passes  by  which  the  greater  streams  reach 
the  coastal  plain  and  the  seashore.  They  illustrate,  too,  the  some- 
what inferior  quaUty  of  those  ground  waters  which  he  upon  the 
seaward  side  of  the  ridge  which  limits  the  artesian  basin  on  the 
southwest.  These  waters,  it  is  to  be  said,  are  in-egular  in  their 
alkalinity,  near-by  wells  often  exhibiting  considerable  d  fferences  in 
the  quantity  of  dissolved   salts.     Within  the  lower  parts  of   the 
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artesian  basin,  on  the  contrary,  the  waters  are  very  uniform    in 
quality  and  contain  but  little  mineral  matter. 

The  waters  of  several  of  the  deep  wells  of  the  Downey  quadrangle 
are  more  or  less  impregnated  with  sulphureted  hydrogen,  and 
some  of  them  are  stained  brown,  probably  by  vegetable  matter, 
peaty  in  character,  which  has  been  buried  as  the  sands  and  gravels 
have  accumulated.  The  subterranean  waters  in  contact  with  these 
peaty  beds  are  colored  just  as  surface  waters  in  contact  with  vege- 
table hiatter  in  swamps  or  marshes  become  stained.     These  gaseous 


Fio.  5.— Map  showing  approximate  amounts  of  dissolved  solids  in  underground  waters  of  coastal 

plain  region  of  southern  California. 

and  organic  elements  affect  the  electrical  resistance  but  little,  if  at 
all,  and  therefore  do  not  appear  in  the  tabulated  and  mapped  results. 
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PUBLICATIONS  OF  UNITED  STATES  GEOLOGICAL  SURVEY. 

[Water-Sapply  Paper  No.  138.] 

The  serial  publicationB  of  the  United  States  Geological  Survey  consist  of  (1)  Annual 
Reports,  (2)  Monographs,  (3)  Professional  Papers,  (4)  Bulletins,  (5)  Mineral 
Resources,  (6)  Water-Supply  and  Irrigation  Papers,  (7)  Topographic  Atlas  of 
United  States — folios  and  separate  sheets  thereof,  (8)  Geologic  Atlas  of  the  United 
States — folios  thereof.  The  classes  numbered  2,  7,  and  8  are  sold  at  cost  of  publi- 
cation; the  others  are  distributed  free.  A  circular  giving  complete  lists  may  be  had 
on  application. 

Most  of  the  above  publications  may  be  obtained  or  consulted  in  the  following  ways: 

1.  A  limited  number  are  delivered  to  the  Director  of  the  Survey,  from  whom  they 
may  be  obtained,  free  of  charge  (except  classes  2,  7,  and  8),  on  application. 

2.  A  certain  number  are  allotted  to  every  member  of  Congress,  from  whom  they 
may  be  obtained,  free  of  charge,  on  application. 

3.  Other  copies  are  deposited  with  the  Superintendent  of  Documents,  Washington, 
D.  C,  from  whom  they  may  be  had  at  prices  slightly  above  cost. 

4.  Copies  of  all  Government  publications  are  furnished  to  the  principal  public 
libraries  in  the  lai^ge  cities  throughout  the  United  States,  where  they  may  be  con- 
sulted by  those  interested. 

The  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a  variety  of 
subjects,  and  the  total  number  issued  is  large.  They  have  therefore  been  classified  into 
the  following  series:  A,  Economic  geology;  B,  Descriptive  geology;  C,  Systematic 
geolc^  and  paleontology;  D,  Petrography  and  mineralogy;  £,  Chemistry  and  phys- 
ics; F,  Geography;  G,  Miscellaneous;  H,  Forestry;  I,  Irrigation;  J,  Water  storage; 
K,  Pumping  water;  L,  Quality  of  water;  M,  General  hydrographic  investigations; 
N,  Water  power;  O,  Underground  waters;  P,  Hydrographic  progress  reports.  This 
paper  is  the  forty-first  in  Series  O,  the  complete  list  of  which  follows  (PP= Profes- 
sional Paper;  B=Bulletin;  WS= Water-Supply  Paper) : 

SERIES  O,  UNDERGROUND  WATERS. 

WS    4.  A  reoonnalssance  in  southeastern  Washington,  by  I.  C.  Russeli.    1807.    96  pp.,  7  pis. 
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WS  31.  Lower  Michigan  mineral  waters,  by  A.  G.  Lane.    1899.    97  pp.,  4  pis. 

W'S  31.  Geology  and  water  resources  of  a  portion  of  southeastern  South  Dakota,  by  J.  E.  Todd.    1900. 

34  pp..  19  pis. 
WS  5S«  Geology  and  water  resources  of  Nee  Perces  County,  Idaho,  Pt  I,  by  I.  C.  Russell.    1901.    86 

pp.,  10  pis. 
WS  54.  Geology  and  water  resources  of  Nez  Perces  County,  Idaho,  Pt.  II,  by  I.  C.  Russell.    1901. 

87-141  pp. 
WS  55.  Geology  and  water  resources  of  a  portion  of  Yakima  County,  Wash.,  by  G.  O.  Smith.    1901, 

68  pp.,  7  pis. 
W'S  57.  Preliminary  list  of  deep  borings  in  the  United  States,  Pt.  I,  by  N.  H.  Darton.    1902.    60  pp. 
WS  59.  Development  and  application  of  water  In  southern  California,  Pt.  I,  by  J.  B.  Lippincott.    1902. 
96  pp.,  11  pis. 
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WS  60.  Development  and  application  of  water  in  southern  California,  Pt  II,  bjr  J.  B.  Llppincott. 

1902.    96-140  pp. 
WS  61.  Preliminary  list  of  deep  borings  in  the  United  States,  Pt.  II,  by  N.  H.  Darton.    1902.    67  pp. 
WS  67.  The  motions  of  underground  waters,  by  G.  S.  Slichter.    1902.    106  pp.,  8  pis. 
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B     252.  Preliminary  report  on  the  geology  and  water  resources  of  central  Oregon,  by  I.  C.  Russell. 

1905.  138  pp..  24  pis. 
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United  States  Geological  Survey,  187»-1904,  by  M.  L.  Fuller.  1905.  128  pp. 
W'S  122.  Relation  of  the  law  to  underground  waters,  by  D.  W.  Johnson.  1905.  56  pp. 
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by  Frank  Leverett,  in  Seventeenth  Annual,  Pt.  II;  Water  resources  of  Indiana  and  Ohio,  by  Frank 
Leverett,  in  Eighteenth  Annual,  Pt.  IV;  New  developments  in  well  boring  and  irrigation  in  eastern 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Washington,  D.  C,  January  12,  1906, 

Sir:  I  transmit  a  report  entitled  ''The  Development  of  Under- 
ground Waters  in  the  Western  Coastal  Plain  Region  of  Southern  Cali- 
fornia/' prepared  by  Mr.  W.  C.  Mendenhall,  under  the  direction  of 
Mr.  N.  H.  Darton,  and  recommend  that  it  be  published  as  a  Water- 
Supply  and  Irrigation  Paper. 

This  paper  is  similar  to  two  recently  published 'on  the  eastern  and 
central  portions  of  the  coastal  plain  of  southern  California.  These 
papers  contain  a  list  of  nearly  all  the  wells  in  this  section  of  the  State, 
and  such  data  as  to  water  levels,  irrigation  systems,  and  irrigated 
lands  as  could  be  collected  by  a  careful  canvass.  In  addition  each 
paper  contains  a  brief  discussion  of  the  conditions  affecting  the 
underground  waters  in  the  particular  section  of  which  it  treats. 

The  studies,  a  part  of  whose  results  are  being  made  available  in 

this  way,  are  planned  to  cover  all  the  important  water-bearing  lands 

of  the  valley  of  southern  California.     In  most  instances  the  facts 

gathered  concerning  the  wells  and  the  distributing  systems  will  be 

supplemented  by  a  study  of  the  local  geology,  in  so  far  as  it  controls 

the  amoimt,  distribution,  and  circulation  of  the  ground  waters.     The 

hydrographic  data  and  the  geologic  data  will  then  be  discussed  and 

issued  together  in  one  report.     In  the  coastal  plain  area,  however,  the 

geologic  conditions  being  relatively  simple  and   the   hydrographic 

data  being  large  in  volume  and  of  paramount  importance,  it  is  deemed 

best  to  issue  the  latter  at  once,  rather  than  to  delay  it  pending  the 

working  out  more  fully  of  the  comparatively  unimportant  geologic 

problems.     Therefore  the  tables  and  maps  are  presented  here  for  the 

consideration  of  water  users,  with  a  comparatively  brief  text,  which 

is  chiefly  descriptive,  but  which  includes  a  discussion  of  the  eflFects  of 

development  and  drought  in  bringing  about  those  changes  in  water 

levels  and  in  the  outlines  of  artesian  areas  which  have  been  most 

marked  within  the  last  five  or  six  years. 

Very  respectfully,   . 

F.  H.  Newell, 

Chief  Engineer. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 


DEVELOPMENT  OF  UNDERGROUND  WATERS  IN  THE 
WESTERN  COASTAL  PLAIN  REGION  OF  SOUTHERN 
CALIFORNIA.  

By  W.  C.  Mendenhall. 


INTROBUCnON. 

The  greater  part  of  the  coastal  plain  of  southern  California  is 
included  in  the  Anaheim,  Santa  Ana,  Downey,  Las  Bolsas,  Santa 
Monica,  and  Redondo  quadrangles  "  of  the  United  States  Geological 
Survey,  and  all  of  it  is  in  Orange  and  Los  Angeles  counties.  For 
convenience  of  treatment  and  discussion  the  coastal  plain  has  been 
divided  into  an  eastern,  a  central,  and  a  western  section,  each  section 
including  two  quadrangles.  The  eastern  and  central  sections  are 
described  in  Water-Supply  Papers  Nos.  137  and  138. 

The  westernmost  section,  which  includes  the  Redondo  quadrangle 
and  the  south  half  of  the  Santa  Monica  quadrangle,  is  described 
in  this  paper.  The  more  important  data  are  presented  in  the 
form  of  tables  and  maps;  the  tables  giving  the  essential  facts  regard- 
ing each  well  examined,  the  maps  showing  graphically  the  irrigated 
areas,  the  attitude  of  the  water  plane,  the  extent  and  position  of  the 
past  and  present  artesian  areas,  and  the  zones  of  relative  purity  of 
the  ground  waters. 

In  this  area,  which  includes  the  largest  body  of  water-bearing  land, 
the  largest  artesian  basin,  and  the  most  extensive  diversified  farming 
district  of  the  southern  part  of  the  State,  the  development  of  under- 
ground waters  for  domestic  purposes  and  irrigation  has  been  under 
way  for  twenty-five  years,  but  has  been  especially  marked  during  the 
past  decade. 

By  the  valley  of  southern  California  is  meant  that  lowland  area 
that  is  limited  on  the  north  by  the  San  Gabriel  Range  and  is  separated 
from  the  Mohave  and  Colorado  deserts  on  the  east  by  the  San  Bernar- 
dino and  San  Jacinto  mountains.     Toward  the  west  it  is  open  to  the 

a  A  quAdmngle  is  the  unit  of  survey  adopted  by  the  United  States  Geological  Survey  for  the  topo- 
graphic and  geologic  atlas  of  the  United  States.  It  is  a  rectangular  area  15  minutes,  30  minutes,  or  1 
d^ree  in  extent  each  way,  bounded  by  parallels  and  meridians,  and  having  an  area  of  one-sixteenth, 
one-quarter,  or  1  square  degree.  The  quadrangles  disr^ard  political  boundaries,  such  as  those  of 
States,  counties,  and  townships.  To  each  is  given  the  name  of  some  well-known  place  or  feature 
within  its  limits.    A  sheet  is  a  topographic  map  of  one  of  the  above  areas. 
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PacifiC;  and  on  the  south  its  limits  are  irregular  and  to  a  certain 
degree  indefinite,  the  minor  valleys  into  which  the  major  valley 
divides  in  this  direction  gradually  contracting  and  eventually 
practically  disappearing  in  the  general  heights  of  the  Sierra  Madre. 

This  valley  is  more  populous,  is  more  intensely  cultivated,  and 
represents  more  concentrated  wealth  than  any  similar  area  in  the 
entire  Southwest.  The  basis  for  its  wealth  is  its  climate,  which 
depends  upon  its  physical  geography  and  its  latitude.  Its  southern 
situation  is  responsible  for  its  moderately  high  mean  annual  tempera- 
ture of  about  62°;  and  the  fact  that  it  is  open  to  the  Pacific  and  is 
separated  from  the  deserts  to  the  north  and  east  by  high  mountain 
ranges  not  only  insures  an  equable  distribution  throughout  the  year 
of  the  mean  temperature,  but  is  an  admirable  provision  for  greater 
rainfall  than  is  usual  so  far  south  on  the  Pacific  coast.  This  combina- 
tion of  mild  temperature  and  sufficient  rainfall  to  provide  for  the 
cultivation  of  a  large  acreage,  but  not  to  destroy  the  beneficial  effects 
of  semiaridity  with  its  large  proportion  of  bright  days  and  its  dry  air. 
makes  the  region  most  attractive  as  a  place  of  residence.  Further- 
more, the  soils  are  generally  well  disintegrated  arid-land  soils,  not 
leached  of  their  valuable  soluble  fertilizing  constituents,  so  that  with 
the  artificial  application  of  water  they  prove  highly  productive. 

The  valley  of  southern  California  is  divided  by  the  Santa  Ana 
Mountains  and  their  extension,  the  Puente  Hills,  into  the  coastal 
plan  and  the  interior  valley,  each  with  its  own  minor  peculiarities  of 
soil  and  climate,  and  each  exhibiting  certain  special  phases  of  the 
problem  which  is  common  to  southern  California  as  to  all  arid  and 
semiarid  regions — the  problem  of  water  supply. 

THE  COASTAIj  PliAIN. 

The  coastal  plain  as  a  whole  (see  PI.  I)  is  about  50  miles  in  length  in 
a  northwest-southeast  direction,  and  from  15  to  20  miles  in  width 
from  the  Pacific  Ocean  to  the  base  of  the  Puente  Hills  and  Santa  Ana 
Mountains.  It  has  an  area  of  about  775  square  miles.  It  is  in  general 
a  region  of  low  relief,  and  slopes  gently  seaward  from  an  elevation  of 
200  or  300  feet  along  the  inner  edge  to  the  salt  marshes  and  sand 
dunes  which  border  the  Pacific.  (PI.  II.)  The  chief  interruptions 
to  its  level  surface  are  San  Pedro  Hill,  which  rises  distinctly  above  it 
but  is  not  to  be  regarded  as  in  any  sense  a  part  of  it,  and  the  low  ridge 
which  extends  southeastward  from  the  vicinity  of  Palms  toward 
Huntington  Beach.  The  most  prominent  heights  along  this  ridge  are 
the  point  just  southeast  of  Palms,  and  Dominguez  and  Los  Cerritos 
hills,  517,  195,  and  364  feet  in  elevation,  respectively.  This  ridge 
divides  the  coastal  plain  into  an  eastern  and  western  section,  alike  as 
to  climate,  similar  as  to  soils,  but  distinct  as  to  underground  condi- 
tions and  the  quantity  and  disposition  of  the  ground  waters. 


1IENDENKAL1..1  80IL8    AND    CROPS    OF   COASTAL    PLAIN.  11 

The  inner  edge  of  the  plain  is  generally  bench  land,  which  contours 
the  higher  mountains  back  of  it,  forms  bluffs  (PI.  Ill,  A)  where  the 
mountains  approach  the  coast,  and  is  dissected  somewhat  by  the 
canyons  of  the  small  streams  which  cross  it.  These  gullied  benches 
are  especially  conspicuous  back  of  Santa  Monica  and  along  the  south 
base  of  the  Santa  Monica  Mountains.  Here  they  are  composed  of 
alluvium — stream-deposited  sands,  gravels,  and  clays — in  contrast  to 
the  marine  deposits  which  make  up  much  of  the  coastal  plain  proper. 

The  eastern  and  central  sections  of  the  coastal  plain,  which  have 
been  discussed  in  Water-Supply  Papers  Nos.  137  and  138,  include 
the  greater  part  of  the  coastal  plain  artesian  belt  (PI.  I)  and  the 
lower  courses  of  Los  Angeles,  San  Gabriel,  and  Santa  Ana  rivers.  The 
western  section  described  here  is  crossed  by  none  of  the  larger  streams 
of  the  valley,  and  includes  only  the  northwestern  narrower  part  of  the 
artesian  area.  It  therefore  contains  a  somewhat  larger  proportion  of 
dry  lands  than  the  central  and  eastern  areas.  Its  drainage  generally 
is  indefinite  and  ill  defined,  the  valley  of  Ballona  Creek  being  the  only 
clearly  marked  drainage  system  in  it.  Along  the  coast  is  a  belt  of 
sand  dunes  which,  in  the  section  north  of  San  Pedro  Hill,  extend 
inland  for  2  miles  in  some  instances,  although  these  inner  dunes  are 
not  now  active. 

South  of  Gardena  is  a  depressed  area  without  a  surface  outlet  which 
has  contained  a  lake  2  or  3  miles  long  during  exceptionally  wet  years. 
At  present  this  depression  is  dry.  Other  smaller  pits  are  distributed 
along  the  old  sand-dune  belt  back  of  the  stretch  of  coast  extending 
from  Playa  del  Rey  to  Redondo. 

soiii8  a:ni)  crops. 

The  soils  of  this  western  section  are  generally  fine  in  texture,  con- 
trasting strongly  in  this  respect  with  many  of  the  foothill  soils  of  the 
valley  farther  inland  nearer  the  high  ranges.  The  dark  loams  with 
a  notable  percentage  of  humus  are  practically  confined  to  the  vaDey  of 
Ballona  Creek,  to  the  marshes  which  extend  northward  from  its 
mouth,  and  to  an  area  which  overlies  the  present  or  the  original  arte- 
sian basin,  and  is  situated  just  south  of  the  city  of  Los  Angeles,  in  the 
vicinity  of  Slauson  and  Green  Meadows.  At  a  few  points  in  the 
Ballona  Valley  these  soils  are  slightly  alkaline,  but  where  free  from 
injurious  salts  they  are  very  fertile.  Their  fertilizing  admixture  of 
vegetable  matter  is  due  to  the  fact  that  they  are  or  have  been  moist 
lands  covered  with  a  dense  natural  growth  whose  decay  has  jaelded 
humus. 

The  upland  soils  are  almost  invariably  sandy,  although  the  sand 
sometimes  contains  a  noticeable  percentage  of  clay.  The  soils  in  the 
region  extending  from  Inglewood  to  Wilmington  are  of  this  character, 
the  purer  and  coarser  sands  lying  nearer  the  coast  and  the  clay 
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element  proving  more  abundant  farther  inland.  The  uplands,  which 
form  the  foothills  of  the  Santa  Monica  Mountains  from  Sherman  to 
the  sea,  are  composed  of  alluvial  materials  washed  from  the  moun- 
tains, but  the  alluvium  (PL  III,  B)  is  fine  because  the  mountains  are 
low;  and  the  proportion  of  clay  in  it  is  large,  as  the  mountains  them- 
selves contain  a  considerable  proportion  of  shale,  which  forms  clay 
at  once  upon  disintegration. 

Along  the  foothills  north  and  west  of  the  city  of  Los  Angeles  (PI. 
IV),  and  toward  Hollywood,  there  is  a  thin  blanket  of  soil  formed  in 
place  by  the  disintegration  of  the  underlying  shales;  similar  but 
usually  finer  soils  are  f oimd  on  the  northern  slopes  of  San  Pedro  Hill. 

The  dry-land  crops,  here  as  elsewhere  on  the  coastal  plain,  are 
barley,  raised  for  hay  and  grain;  oUves,  occasionally  cultivated  in 
smaU  groves;  and  on  the  Santa  Monica  bench  lands,  beans.  Beans 
are  raised  on  thousands  of  acres  between  Hollywood  and  the  coast  and 
have  proved  very  profitable.  Groves  of  eucalyptus  grow  in  many 
places,  having  been  planted  for  fuel  and  for  wind-breaks.  These 
trees  thrive  better  in  the  moister  lands,  but  will  grow  in  very  dry  loca- 
tions. The  diversity  which  is  so  usual  on  the  coastal  plain  in  the 
irrigated-land  crops  is  not  lacking  in  this  region.  South  of  Los 
Angeles  there  is  a  large  acreage  in  gardens,  whose  products  are  sold 
in  the  city  markets.  Vegetables,  berries,  and  small  fruits  are  pro- 
duced here  in  large  quantities.  Dairying  and  the  raising  of  com, 
alfalfa,  and  walnuts  are  practiced  in  the  neighborhood  of  Green 
Meadows,  and  in  the  lower  Ballona  Creek  Valley.  Some  citrus 
groves  are  found  about  Hollywood  and  in  the  lower  lands  south  of 
Los  Angeles,  lemons  being  grown  with  particular  success  in  the  Cahu- 
enga  Vallej.  Oranges  are  not  grown  so  extensively  nor  so  success- 
fuUy  as  on  the  higher,  warmer  lands  farther  inland. 

WATER  SUPPIiY. 

AH  of  the  ground  waters  as  well  as  all  of  the  surface  waters  of 
southern  CaUfomia  have  their  ultimate  source  in  the  rainfall  of  the 
tributary  drainage  basins.  This  rainfall  is  greatest  in  the  moun- 
tainous areas  and  least  in  the  lowlands  at  a  distance  from  the  moun- 
tains, but  as  the  streams  gather  the  mountain  floods  and  carry  them 
seaward  across  the  lower  areas,  these  are  benefited  by  the  distant 
precipitation. 

So  the  coastal  plain,  across  which  lie  the  lower  courses  of  the  three 
largest  rivers  of  this  part  of  the  State,  is  the  region  most  favorably 
situated  from  the  point  of  view  of  water  supply,  the  Los  Angeles, 
San  Gabriel,  and  Santa  Ana  watersheds  each  contributing  to  it. 
That  part  of  the  coastal  plain  which  is  near  the  lower  courses  of  these 
streams  is  most  favorably  situated  to  benefit  by  the  flow  through 
them.     Before  the  water  can  reach  the  more  distant  parts  of  the 
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plain  it  must  percolate  some  distance  underground,  and  even  if  its 
course  is  through  very  pervious  materials  the  passage  requires  time, 
the  capacity  of  all  nearer  gravels  must  be  satisfied  before  it  can  be 
made,  and  all  intervening  developments  lessen  its  amount.  The 
coastal  plain  as  a  whole  is  the  best  watered  large  area  and  the  largest 
well-watered  area  in  the  valley  of  southern  CaUfomia,  but  its  western 
section  is  not  so  well  situated  relative  to  the  principal  sources  as  are 
the  central  and  eastern  sections.  None  of  the  larger  streams  cross  it, 
although  Los  Angeles  River  flows  near  it  and  certainly  contributes  to 
its  underground  supplies. 

Except  for  the  flood  waters  contributed  by  Los  Angeles  River,  this 
region,  which  includes  the  Redondo  and  the  south  half  of  the  Santa 
Monica  quadrangles,  receives  no  water  from  the  high  mountains, 
which  are  so  important  a  source  of  surface  and  of  subsurface  waters 
everywhere.  With  the  exception  of  this  contribution,  it  is  dependent 
upon  local  rainfall  and  the  comparatively  Umited  run-off  from  the 
south  slope  of  the  Santa  Momca  Mountains. 

Since  there  are  no  large  flowing  streams  in  the  area,  there  are  no 
very  important  surface  systems  of  irrigation,  such  as  originally  util- 
ized the  flowing  waters  of  Los  Angeles  River  before  the  needs  of  the 
city  absorbed  it  all,  and  such  as  now  distribute  the  waters  of  the  San 
Gabriel  below  the  Paso  de  Bartolo  and  of  the  Santa  Ana  below  Bed- 
rock Canyon.  The  most  important  ditches  are  those  that  distribute 
well  water,  as  does  the  flume  of  the  Artesian  Water  Company  that 
serves  lands  in  the  lower  Ballona  Creek  Valley. 

This  company  owns  water-bearing  lands  near  Cienega  station, 
on  the  Santa  Monica  branch  of  the  Southern  Pacific  Railroad,  in 
which  about  15  wells  have  been  bored.  The  water  from  these  wells, 
amounting  to  about  100  miner^s  inches,  is  conducted  by  a  redwood 
flume,  8  or  9  miles  long,  3 J  feet  wide,  and  2  feet  deep,  to  the  lands 
senred  in  the  middle  and  lower  Ballona  Creek  Valley  in  the  vicinity  of 
Palms.  The  company  was  organized  in  1900,  with  a  capital  stock  of 
$250,000.  The  stock  is  not  held  by  irrigators,  but  the  company  sells 
the  water  to  them  at  a  price  of  $10  per  head  for  a  24-hour  run,  equal 
to  0.4  cent  per  hour-inch.  For  smaller  quantities  of  water,  30  cents 
per  hour  for  one-half  head  is  charged,  an  advance  of  50  per  cent  over 
the  rates  for  larger  quantities.  The  cost  of  the  wells  and  the  flume  is 
reported  at  $50,000,  and  the  total  number  of  acres  irrigated  in  1904  is 
^ven  as  750 — 400  in  beans  and  the  remainder  in  alfalfa  and  walnuts, 
there  being  but  a  small  proportion  of  the  latter. 

Other  shorter  ditches  are  used  to  distribute  the  waters  of  Ballona 
Creek,  and  many  of  the  pumping  plants  are  connected  with  perma- 
nent wooden  flumes  or  cement  systems.  Still  other  ditches  distrib- 
ute sewage  from  the  Los  Angeles  outfall  sewer  or  directly  from  the 
city  system. 
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The  greater  part  of  the  irrigation  in  the  two  quadrangles,  however, 
is  accomplished  by  means  of  the  individual  pumping  plants,  which  are 
abundant  throughout  the  lowlands  south  and  southwest  of  Los 
Angeles,  in  an  area  originally  artesian.  A  number  of  rather  exten- 
sive local  systems  of  this  character  have  also  been  developed  farther 
out  upon  the  coastal  plain  in  the  vicinity  of  Gardena  and  Moneta. 

UNBERGROUND  WATER. 

SOURCE. 

Excluding  the  waters  in  the  rock  basins,  the  ultimate  sources  of  all 
the  ground  waters  are  in  the  drainage  areas  of  the  streams  which  are 
tributary  to  the  region.  Thus  the  underground  waters  of  the  area 
north  of  the  low  ridge  which  divides  the  coastal  plain  are  largely  sup- 
plied by  the  drainage  basin  of  Los  Angeles  River.  When  this  stream 
discharges  upon  the  coastal  plain,  after  leaving  the  narrows  at  Los 
Angeles,  its  waters  sink,  and,  spreading  into,  a  broad  indefinite  sheet, 
join  the  waters  of  the  other  rivers  which  flow  out  upon  the  coastal 
plain.  Thus  the  coastal  plain  artesian  basin  is  supplied.  It  is  alto- 
gether probable  that  the  moist  lands  about  the  station  of  Cienega,  on 
the  Southern  Pacific  Railroad,  at  the  head  of  Ballona  Creek,  are  thus 
supplied  in  lai^e  part  by  Los  Angeles  River  water,  and  that  the  arte- 
sian wells  in  this  neighborhood  are  also  suppUed  largely  by  it,  since  it 
is  the  nearest  of  the  greater  coastal  plain  rivers. 

It  is  not  possible  in  general  to  tell  where  the  boundary  lies  between 
those  waters  in  an  underground  basin  which  are  supplied  from  one 
source  and  those  suppUed  from  another,  since  the  waters  soon  min- 
gle and  a  definite  boundary  ceases  to  exist.  Their  behavior  may 
very  well  be  compared  with  that  of  two  surface  streams  which  unite. 
For  a  short  distance  below  the  junction  the  waters  from  each  may  be 
perfectly  distinct,  but  the  band  of  mingled  waters  along  a  median 
Une  becomes  gradually  broader  until  it  extends  from  bank  to  bank. 
Then  it  can  no  longer  be  said  of  the  water  of  any  part  of  the  stream 
that  it  is  contributed  exclusively  by  this  or  that  tributary,  since  each 
has  furnished  a  portion  of  it.  The  mingling  of  underground  waters 
from  distinct  sources  is  precisely  similar  in  character,  but  the  process 
is  much  slower,  since  the  rate  of  percolation  is  not  as  great  as  that 
of  surface  flow. 

DISTRIBUTION  OF  UNDERGROUND  WATER. 

The  interrupted  ridge  which  extends  northwest  from  Huntington 
Beach  to  the  vicinity  of  Palms  divides  the  coastal  plain  into  an 
eastern  and  a  western  portion.  Of  these,  the  eastern  portion  has 
much  the  greater  area.  It  includes  the  bigger  part  of  the  Downey, 
Anaheim,  and  Santa  Ana  quadrangles,  while  the  western  section 
occupies  much  of  the  Redondo  quadrangle  and  a  part  of  the  Sant<a 
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Monica  quadrangle.  The  ridge  which  separates  these  two  sections 
is  not  a  surface  feature  merely.  It  seems  to  be  the  surface  expres- 
sion of  a  broad  fold  in  the  sands  and  clays  of  the  coastal  plain — a  fold 
that  acts  as  a  dam  to  waters  seeking  a  way  seaward  beneath  the 
surface,  checking  their  course  and  tending  to  force  them  toward  the 
surface  in  order  to  pass  the  obstruction.  In  consequence,  groimd- 
water  levels  are  much  higher  above  this  ridge  than  below  it,  as  would 
be  true  of  a  surface  dam,  and  the  chief  artesian  basin  of  the  coastal 
plain,  as,  indeed,  of  southern  CaUfomia,  owes  its  existence  to  it. 
This  is  the  great  basin  (PI.  I),  originally  nearly  300  square  miles 
in  area,  which  stretches  from  below  Santa  Ana  to  the  vicinity  of 
Sherman. 

Only  the  narrower  northern  end  of  this  basin  lies  within  the  west- 
em  coastal  plain  area,  and  the  greater  part  of  this  western  end  no 
longer  yields  flowing  water.  (Pis.  V  and  VI.)  A  few  weUs  still 
flow  in  that  part  of  it  which  lies  3  or  4  miles  directly  east  of  the  Palms, 
and  there  is  another  small  group  of  flowing  wells  in  the  vicinity  of 
Sherman.  Throughout  the  remainder  of  that  part  of  the  basin 
which  is  included  in  the  Redondo  and  Santa  Monica  quadrangles, 
although  water  Ues  within  easy  pumping  distance  of  the  surface, 
the  cheaper  artesian  waters  can  no  longer  be  secured. 

Another  eflfect  of  this  anticlinal  ridge  is  to  bring  about  great  regu- 
larity in  the  ground-water  levels  above  it.  The  hydrographic  con- 
tours here  indicate  a  moderate  and  generally  regular  slope  of  the 
water  table.  Below  the  ridge  the  slope  is  much  less  uniform,  while 
within  the  broad  area  occupied  by  the  ridge  itself  water  levels  are 
too  erratic  to  be  mapped  with  the  slender  evidence  available. 

Some  of  the  winter  flood  waters,  flowing  as  surface  streams,  escape 
across  this  ridge  and  reach  the  lower,  drier  lands  toward  the  sea, 
where  they  are  in  part  absorbed.  It  is  probable  also  that,  although 
this  fold  in  the  coastal  plain  clays  and  gravels  acts  as  a  dam,  it  is  not 
uniformly  impervious,  and  underground  waters  probably  pass  it  to 
a  certain  United  extent.  Such  waters  are  contributed  to  the  sub- 
surface supply  below  the  ridge,  where  they  may  be  pumped. 

Near  the  mouth  of  BaUona  Creek  is  another  small  artesian  basin,  a 
few  wells  there  tapping  sand  or  gravel  bodies  which  yield  flowing  water. 
Another  small  basin  in  the  vicinity  of  Colegrove  also  yields  flowing 
water,  but  from  a  consoUdated  sandstone  of  Tertiary  age  instead 
of  from  the  loose  sands  and  gravels  which  are  the  usual  water-bearing 
media.  These  wells  were  bored  for  oil  and  are  in  some  instances  1,000 
feet  or  more  in  depth;  not  all  equally  deep  wells  in  the  vicinity,  how- 
ever, struck  water  under  sufficient  pressure  to  flow.  It  is  not  unusual 
to  secure  small  flows  from  w^ells  drilled  for  oil  in  the  Tertiary  beds 
of  the  Coast  Range  and  foothills,  but  the  yield  is  generally  inferior 
to  that  from  weUs  in  the  unconsoUdated  Pleistocene  material  of  the 
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lowlandS;  and  the  water  is  almost  invariably  of  poorer  quality,  since 
the  Tertiary  sands  and  shales  are  heavily  impregnated  with  alkali 
salts.  These  rock  waters,  like  the  more  abundant  gravel  waters,  have 
their  ultimate  source  in  the  rainfall;  but,  unlike  the  gravel  waters,  their 
circulation  is  not  necessarily  limited  by  drainage  basins,  since  the 
rock  structures  favorable  to  percolation  may  extend  from  one  drainage 
basin  through  an  intervening  range  of  hills  to  a  neighboring  basin. 
These  structures  could  be  determined  by  detailed  work  and  the 
underground  courses  of  such  waters  and  the  intake  at  which  they 
originate  predicted,  but  as  they  are  very  Umited  in  value  and  amount 
the  results  would  not  justify  the  work  and  expense.  In  the  presence 
of  so  much  freer  sources  they  may  in  most  cases  be  ignored. 

PERMANENCE  OF  UNDERGROUND  SUPPLY. 

In  all  of  the  important  basins  of  southern  California  during  the 
last  ten  years  there  has  been  a  general  if  varying  fall  in  ground- 
water levels,  a  shrinkage  of  artesian  areas,  and  a  general  reduction  of 
yield  from  those  artesian  wells  which  continue  to  flow. 

Rainfall t  in  inches y  at  Los  Angeles j  Cal. 


Year. 


1877-78.. 
1878-79.. 
1879^80.. 
1880-81.. 
1881-82. . 
1882-83.. 
1883-84.. 
1884-85.. 
1885-86.. 
1886-87.. 
1887-88. . 
1888-«9.. 
1889-00.. 
1890-91.. 
1891-92.. 
1892-93.. 
1893^.. 
1894-95.. 
1895-96.. 
1896-97.. 
1897-96. . 
1898-99.. 
1899-1900 
1900-1901 
1901-02.. 
1902-03.. 
1903-04.. 


July. 


0.00 
.00 
.00 
T. 
.00 
.00 
T. 
T. 
T. 
.24 
.07 
.03 
.00 
.00 
T. 
.00 
.00 
T. 
T. 
.02 
T. 
.07 
.00 
T. 
T. 
T. 
.00 


Aug. 


0.00 
T. 
.00 
T. 
T. 
.00 
.00 
T 
T. 
.21 
.00 
.08 
.61 
.03 
.00 
.01 
.00 
.01 
T. 
.01 
.00 
T. 
.01 
T. 
.00 
T. 
T. 


Sept. 


0.00 
.00 
.00 
.00 
T. 
T. 
.00 
T. 
T. 
.00 
.15 
T. 
.00 
.06 
.06 
.00 
T. 
.73 
T. 
T. 
.00 
.02 
T. 
T. 
.03 
T. 
.43 


Oct. 


Nov. 


0.86 
.14 
.93 
.14 
.82 
.05 

1.42 
.30 
.26 
.01 
.12 
.36 

6.95 
.03 
.00 
.33 
.75 
.02 
.24 

1.30 

2.47 
.09 

1.59 
.26 

1.88 
.40 
T. 


0.45 
T. 

3.44 
.67 
.27 

1.82 
.00 

1.06 

5.52 

1.18 
.78 

4.01 

1.35 
.13 
.00 

4.40 
.20 
.00 
.80 

1.66 
.01 
T. 
.90 

6.53 
.46 

2.06 
0 


Dec. 

3.93 

4.70 

6.53 

8.40 

.52 

.08 

2.56 

4.64 

1.63 

.18 

2.67 

6.26 

15.80 

2.32 

1.99 

4.18 

3.65 

4.62 

.78 

2.12 

.05 

.12 

.90 

T. 

T. 

2.50 

T. 


Jan. 


3.33 
3.59 
1.33 
1.43 
1.01 
1.62 
3.15 
1.06 
7.72 
0.20 
6.03 

.25 
7.83 

.25 

.88 
6.29 

.94 
5.84 
3.23 
3.70 
1.26 
2.64 
1.17 
2.49 
1.62 
2.10 

.14 


Feb. 


7.68 

.97 

1.56 

.36 

2.66 

3.47 

13.37 

T. 

1.38 

9.25 

.77 

.92 

1.36 

8.56 

3.19 

2.27 

.49 

.46 

T. 

5.62 

.51 

.04 

T. 

4.38 

3.35 

1.52 

2.68 


Mar. 

2.57 

.49 

1.45 

1.66 

2.66 

2.87 

12.36 

.01 

2.50 

.24 

3.15 

6.48 

.66 

.41 

3.39 

8.52 

.37 

3.77 

2.97 

2.31 

.98 

1.81 

.99 

.45 

2.98 

6.93 

4.50 


Apr. 


1.71 

1.19 

5.06 

.46 

1.83 

.15 

3.54 

2.00 

3.29 

2.30 

.11 

.27 

.22 

.26 

.22 

.19 

.13 

.46 

.19 

.02 

.03 

.18 

.54 

.68 

.16 

3.77 

.97 


r.'jl 


May. 'Jane. 


0.66 
.24 
.04 
.01 
.63 

2.02 
.34 
.06 
00 
.20 
.02 
.62 
.03 
.31 
*2.06 
.06 
.20 
.19 
.30 
.10 

1.75 
.04 

1.81 

1.50 
.03 
T. 
T. 


0.07 
.03 
.00 
.00 
T. 
.03 

1.39 
T. 
.01 
.04 
T. 
.00 
.02 
.00 
.06 
.03 
T. 
.01 
T. 
T. 
T. 
.58 
T. 
T. 
T. 
.02 
T. 


TotaL 


21.36 
11. 3S 
20.34 
13.13 
10.40 
12.11 
38.13 

9.12 
22.31 
14.05 
13.87 
19.28 
34.83 
12.36 
11.85 
26.28 

6-73 
16.11 

8.51 
16.86 

7.06 

7-91 
16.29 
10.60 
19.32 

8.72 


Average  twenty-seven  years,  15.35  inches. 
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The  last  ten  years  have  been  a  period  of  low  rainfall,  the  average  at 
Los  Angeles  for  the  period  being  25  per  cent  below  the  normal  there. 
As  a  result  the  ground  waters  have  been  diminished  by  the  decrease 
in  the  floods  which  supply  them  and  by  the  increase  in  the  drafts 
made  upon  them  in  order  to  make  up  the  deficiency  in  stream  flow. 
Hence  an  mportant  part  of  the  admitted  shrinkage  is  justly  charge- 
able to  the  dry  period.  But  in  some  locaUties  constant  measurements 
on  the  water  plane  show  that  during  the  winters  of  1900-1901  and 
1 902-3,  during  both  of  which  the  rainfall  was  above  the  average,  the 
water  level  continued  to  fall,  although  at  a  much  less  rapid  rate 
than  during  other  drier  years.  At  these  places,  therefore,  it  is  evi- 
dent that  there  should  be  no  further  increase  of  the  draits  upon 
the  underground  waters,  and  that  the  reclaiming  of  lands  from  these 
as  a  source  should  cease. 

In  the  western  coastal  plain  area  drafts  have  not  yet  become 
excessive,  the  weUs  being  as  yet  relatively  few  in  number. 

In  the  Santa  Monica  quadrangle  there  are  only  about  25  flowing 
wells,  yielding  approximately  225  miner's  inches  of  water,  and,  in 
1903,  only  134  pumping  plants,  most  of  them  small,  whose  combined 
output  during  the  pumping  season  certainly  does  not  exceed  80 
second-feet,  equivalent  to  perhaps  15  or  20  second-feet  continuous 
flow.  This  water  is  used  for  the  towns  and  for  somewhat  less  than 
4,000  acres  of  irrigated  lands. 

In  the  Redondo  quadrangle  there  are  at  present  (1904)  only  12 
flowing  weUs,  distributed  over  about  3.5  square  miles,  and  about 
200  pumping  plants  whose  combined  yield  is  probably  20  or  25  sec- 
ond-feet continuous  flow.  Three  thousand  two  hundred  and  eighty 
acres  are  irrigated  by  sewage  and  about  8,250  acres  from  wells;  this 
in  a  total  irrigable  area  of  perhaps  100  square  miles. 

In  the  two  quadrangles  more  than  $750,000  are  invested  in  weUs 
and  pumps.  The  total  area  irrigated  is  15,760  acres,  the  total 
amount  of  developed  underground  waters  is  between  40  and  50  sec- 
ond-feet, the  original  area  of  artesian  lands  is  28.4  square  miles,  the 
present  (1904)  artesian  area  is  8.7  square  miles,  and  the  total  lowland 
area,  much  of  which  is  not  cultivated,  is  about  250  square  miles.  A 
part  of  the  city  of  Los  Angeles  covers  more  than  22  square  miles  of 
this  area,  and  the  growing  towns  of  Santa  Monica,  Ocean  Park,  Hol- 
lywood, Inglewood,  Redondo,  etc.,  occupy  many  more  miles  of  it. 

Although  the  quantity  of  water  developed  and  the  acreage  irri- 
gated by  it  are  thus  seen  to  be  moderate,  the  local  water  supply  is  not 
controlled  entirely  by  developments  within  the  district  considered, 
but  is  affected  more  or  less  by  developments  and  diversions  in 
adjacent  regions.  The  shrinkage  in  that  part  of  the  coastal  plain 
artesian  basin  which  is  included  in  the  Redondo  and  Santa  Monica 

IBB  139—05 2 


18       UNDERGROUND  WATERS,  SOUTHERN  CALIFORNIA III.       [ko.139. 

quadrangles,  for  instance,  in  so  far  as  it  is  not  due  to  drought,  is  prob- 
ably due  more  to  the  complete  diversion  of  Los  Angeles  River  waters 
and  to  developments  in  thjB  artesian  basin  farther  east  than  to  direct 
attacks  on  the  ground  waters  in  the  areas  in  question. 

The  total  number  of  flowing  wells  in  the  entire  coastal  plain  arte- 
sian basin  in  1904  was  2,500,  and  their  yield  is  estimated  at  not  less 
than  300  second-feet.  The  effect  of  this  great  drain  in  conjunction 
with  the  past  decade  of  dry  years  has  been  to  reduce  the  artesian  area 
from  about  290  to  190  square  miles,  the  shrinkage  taking  place  prin- 
cipally along  the  northern  and  northeastern  borders  of  the  basin, 
which  first  show  the  effects  of  a  decrease  in  supply,  for  the  same  rea- 
son that  water  withdraws  faster  from  the  shallow  upper  end  of  a 
draining  reservoir  than  from  the  lower  deeper  end.  Hence  in  the 
Santa  Monica  and  Redondo  quadrangles  the  original  area  of  23  square 
miles  is  now  reduced  to  3.5  square  miles. 

The  small  Ballona  basin,  in  which  there  are  but  four  or  five  flowing 
wells,  has  not  had  serious  drafts  made  upon  it.  Its  situation,  and  the 
drainage  tributary  to  it,  should  make  it  fairly  resistant  to  reasonable 
drafts.  The  flowing  wells  about  Colegrove  are  in  deep-lying  sand- 
stones of  Tertiary  age  and  their  life  is  difficult  to  estimate.  The 
quality  of  these  waters  is  not  such  as  to  invite  their  further  exploita- 
tion so  long  as  purer  waters  are  obtainable. 

With  continued  reasonable  use  of  the  underground  waters  of  this 
area,  then,  it  may  be  concluded  that  although  the  remnant  of  the 
coastal  plain  artesian  basin  included  in  it  will  probably  disappear, 
because  this  basin  is  especially  sensitive  to  distant  diversions  and 
developments,  the  ground  waters  generally  will  not  suffer  a  serious 
permanent  shrinkage. 

DESCREPnON  OF  MAPS  AND  TABIiES. 

The  greater  portion  of  the  data  concerning  the  wells  in  the  Santa 
Monica  and  Redondo  quadrangles  has  been  assembled,  as  in  the  other 
reports  on  the  coastal  plain,  in  a  set  of  tables  (pp.  22-103),  in  which, 
the  character  of  each  well,  its  depth,  the  depth  of  water  in  it,  the  pro- 
portion of  dissolved  salts  in  the  water,  the  cost  of  well  and  machinery, 
the  name  and  address  of  the  owner,  the  location  of  the  well,  etc.,  are 
given.  In  these  tables  each  well  is  designated  by  a  number,  and  on 
the  maps  the  number  appears  with  each  well  symbol,  so  that  when 
the  wells  in  any  locaUty  are  of  interest  to  an  engineer  or  rancher,  by 
reference  to  the  tables  he  can  readily  ascertain  their  character. 

The  artesian  basins  have  been  outUned  and  appropriately  tinted 
(Pis.  V  and  VI),  the  areas  in  which  water  now  flows  being  distin- 
guished from  those  in  which  it  has  ceased  to  flow  by  a  difference  in 
shading.  Outside  of  the  artesian  areas  the  elevations  of  the  water 
surface  are  indicated  by  hydrographic  contours  wherever  there  are 
sufficient  data  on  which  to  base  them. 
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Northeast  of  the  Dominguez  ridge  the  water  plane  is  very  regular 
and  its  position  is  readily  determined.  Southwest  of  this  ridge  it  is 
much  lower  aQd  over  much  of  the  area  is  quite  irregular.  In  the 
Santa  Monica  quadrangle  the  irregularity  is  accounted  for  by  the 
irregular  deposition  of  the  alluvium  which  makes  the  bench  land 
south  of  the  Santa  Monica  Mountains.  (PI.  Ill,  B) .  Between  Ballona 
Creek  and  San  Pedro  Hill  the  irregularity  is  not  so  marked,  probably 
because  the  sands  and  gravels  which  are  water  bearing  there  are 
coastal  plain  sediments  and  sand-dune  material.  The  ridge  which 
separates  these  two  areas  is  one  over  which  water  levels  are  exceed- 
ingly erratic.  There  can  be  little  question  that  it  represents  an  anti- 
cline in  the  earlier  coastal  plain  gravels,  sands,  and  clays,  and  the 
irregularity  in  the  attitude  of  the  water-bearing  strata  is  the  cause 
of  the  irregularity  in  the  waters  themselves. 

In  those  places  where,  because  of  these  erratic  water  levels,  or  for 
other  reasons,  sufficient  data  have  not  been  collected  to  serve  as  a 
basis  for  hydrographic  contours,  such  facts  as  we  have  on  water 
levels  are  indicated  by  figures.  None  of  the  water  leveU  are  more 
than  approximately  accurate,  since  none  are  instrumentally  deter- 
mined. The  estimate  of  the  elevation  of  a  well  head  is  based  upon 
surface  elevations,  as  indicated  by  the  contours  of  the  topographic 
sheet.  Careful  measurements  were  made  in  each  instance  from  the 
well  head  to  the  water  level  in  the  well.  The  hydrographic  contours 
thus  are  based  upon  and  exhibit  approximately  the  same  degree  of 
accuracy  as  the  topographic  contours.  They  should,  therefore,  be 
consistent  with  the  latter  throughout,  and  a  comparison  of  the  two 
should  give  approximately  the  depth  of  water  at  any  point. 

It  is  to  be  remembered,  however,  that  in  the  neighborhood  of 
pumping  plants,  especially  in  the  western  half  of  the  coastal  plain 
below  the  Dominguez  ridge,  where  the  water  supply  is  not  generally 
so  large  as  above  the  ridge,  rapid  variations  of  as  much  as  10  feet  take 
place  in  the  water  level  with  the  starting  and  stopping  of  pumps. 
The  contours  are  intended  to  represent  an  average  condition  at  the 
time  when  the  data  were  gathered. 

The  lands  under  irrigation  during  the  winter  of  1903-4  are  shown 
by  color  on  each  of  the  sheets.  (Pk.  VII  and  VIII.)  In  the  Santa 
Monica  quadrangle  360  acres  are  irrigated  by  sewage,  and  about  3,880 
acres  by  stream  and  weU  water.  In  the  Redondo  quadrangle  3,280 
acres  are  irrigated  by  sewage,  and  about  8,240  acres  by  pumped  and 
flowing  waters;  the  total  irrigated  area  in  the  two  quadrangles  is 
about  15,760  acres,  or  24.5  square  miles  in  a  total  of  more  than  175 
square  miles  irrigable,  if  water  were  available. 

There  is  a  lai^e  acreage  of  dry  land  under  successful  cultivation, 
perhaps  more  than  is  under  irrigation,  so  that  the  unirrigated  lands 
are  not  by  any  means  all  waste.     In  addition,  the  growing  towns  and 
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cities  occupy  conatantlj  expanding  areas.     Los  Angeles  alone  now 
covers  about  20.5  square  miles  in  the  Santa  Monica  quadrangle. 

The  amounts  of  salts  dissolved  in  the  well  waters  were  determined 
approximately  by  means  of  the  electrolytic  bridge,  the  conductivity 
of  the  water  increasing  with  the  increase  in  alkalies.  The  results  of 
these  tests  are  given  under  appropriate  headings  in  the  tables.  They 
have  also  been  assembled  in  a  purity  map,  in  which  waters  are  classi- 
fied  in  three  divisions.     In  one  division  are  included  those  waters 


Fid.  I.— Map  shovliig  appraxJ mat*  amounts  ol  dineolved  solldaui  undtrground  wat^nol  tbe  coastal 
plaia  reploD  of  southern  Caltlorala. 

with  les.s  than  35  parts  of  dbsolved  matter  in  100,000;  in  another 
are  waters  with  from  35  to  65  parts  of  dissolved  solids;  and  in  the 
third  are  all  waters  containing  more  than  65  parts. 

In  the  western  section  only  waters  of  the  last  two  classes  occur, 
and  the  general  distribution  of  the  purity  zones  indicates  a  sluggish 
underground  circulation  as  compared  with  those  other  parts  of  the 
coastal  plain  through  which  the  greater  part  of  the  subsurface  waters 
supplied  by  the  Los  Angeles,  the  San  Gabriel,  and  the  Santa  Ana 
rivers  passes.  This  inference  follows  directly  from  the  fact  that  the 
purer  waters  are  not  sharply  aligned  in  a  definite  relation  to  surface 
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streams  as  a  source  of  supply,  as  is  the  case  farther  east.  It  is  prob- 
able that  the  relatively  slow  movement  of  the  underground  waters 
in  the  western  section,  due  to  limited  supply  there,  permits  them  to 
dissolve  more  of  the  soluble  material  from  the  sands  and  gravels 
through  which  they  pass,  and  thus  accounts  for  the  greater  propor- 
tion of  salts  which  these  western  coastal  plain  waters  contain.  Yet 
a  zone  of  relatively  pure  water  extends  from  the  Los  Angeles  River 
channel  to  the  head  of  Ballona  Creek  and  down  the  Ballona  Valley  to 
the  Pahns,  below  which  it  is  cut  off  by  the  salt  marshes  of  the  coast. 
This  may  be  supposed  to  be  a  direction  of  relatively  free  percolation. 
To  be  strictly  reliable  as  a  guide  only  wells  of  considerable  depth 
should  be  considered  in  the  construction  of  purity  maps,  as  shallow 
wells  are  so  readily  contaminated  by  the  surface  accumulation  of 
alkalies.  In  the  maps  prepared  for  this  report  the  records  obtained 
from  wells  less  than  25  feet  deep  have  been  disregarded,  but  even 
w^ith  this  precaution  the  purity  zones  are  no  doubt  somewhat  influ- 
enced by  surface  conditions. 
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PUBLICATIONS  OF  UNITED  STATES  GEOLOGICAL  SURVEY. 

[Water-Supply  Paper  No.  139.] 

The  serial  publications  of  the  United  States  Geological  Survey  consist  of  (1 )  Annual 
Reports,  (2)  Monographs,  (3)  Professional  Papers,  (4)  Bulletins,  (5)  Mineral 
Resources,  (6)  Water-Supply  and  Irrigation  Papers,  (7)  Topographic  Atlas  of  United 
States — folios  and  separate  sheets  thereof,  (8)  Geologic  Atlas  of  the  United  States — 
folios  thereof.  The  classes  numbered  2,  7,  and  8  are  sold  at  cost  of  publication ;  the 
others  are  distributed  free.    A  circular  giving  complete  lists  may  be  had  on  applicration. 

Most  of  the  above  publications  may  be  obtained  or  consulted  in  the  following  way: 

1.  A  limited  number  are  delivered  to  the  Director  of  the  Survey,  from  whom  they 
may  be  obtained,  free  of  chaise  (except  classes  2,  7,  and  8),  on  application. 

2.  A  certain  number  to  every  member  of  Congress  are  allotted,  from  whom  they 
may  be  obtained,  free  of  charge,  on  application. 

3.  Other  copies  are  deposited  with  the  Sui>erintendent  of  Documents,  Washington, 
D.  C,  from  whom  they  may  be  had  at  prices  slightly  above  cost. 

4.  Copies  of  all  Government  publications  are  furnished  to  the  principal  public 
libraries  in  the  large  cities  throughout  the  United  States,  where  they  may  be  con- 
s^ulted  by  those  interested. 

The  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a  variety  of 
mihjects,  and  the  total  number  issued  is  large.  They  have  therefore  been  classified 
into  the  following  series:  A,  Economic  geology;  B,  Descriptive  geology;  C,  System- 
atic geology  and  paleontology;  D,  Petrography  and  mineralogy;  E,  Chemistry  and 
physics;  F,  Geography;  G,  Miscellaneous;  H,  Forestry;  I,  Irrigation;  J,  Water  stor- 
^se;  K,  Pumping  water;  L,  Quality  of  water;  M,  General  hydrographic  investiga- 
tions; N,  Water  power;  O,  Underground  water;  P,  Hydrographic  progress  reports. 
This  paper  is  the  forty-second  in  Series  O,  the  complete  list  of  which  follows 
(PP=Profe88ional  Papers;  B=Bulletin;  WS=Water-Supply  Paper): 

SERIES  O,  UNDERGROUND  WATERS. 

WS     4.  A  reconnaissance  In  southeastern  Washington,  by  I.  C.  RuNsell.    1897.    96  pp.,  7  pis. 

WS     6.  Underground  waters  of  southwestern  Kansas,  by  Erasmus  Haworth.    1897.    65  pp.,  12  pis. 

WS     7.  Seepage  waters  of  northern.  Utah,  by  Samuel  Fortier.    1897.    FiO  pp.,  3  pis. 

WS   12.  Underground  waters  of  southeastern  Nebraska,  by  N.  H.  Dartoii.    1898.    ^  pp.,  21  pis. 

WS  21.  Wells  of  northern  Indiana,  by  Frank  Leverett.    1899.    82  pp.,  2  pis. 

WS  26.  Wells  of  southern  Indiana  (continuation  of  No.  21),  by  Frank  Leverett.    1899.    64  pp. 

WS  30.  Water  resources  of  the  lower  peninsula  of  Michigan,  by  A.  C.  Lane.    1899.    97  pp.,  7  pl.s. 

WS  31.  Lower  Michigan  mineral  waters,  by  A.  C.  Lane.    1899.    97  pp.,  4  pis. 

WS  34.  Geology  and  water  resources  of  a  portion  of  southeaHtem  South  Dakota,  by  J.  E.  Todd.    1900. 

84  pp.,  19  pis. 
Ws  53.  Geology  and  water  resources  of  Nez  Perces  County,  Idaho,  Pt.  I,  by  I.  C  Russell.    1901.    86 

pp.,  10  pis. 
WS  54.  Geology  and  water  resources  of  Nez  Perces  CSounty,  Idaho,  Pt.  II,  by  I.  C.  Russell.    1901. 

87-141  pp. 
Wg  55.  Geology  and  water  resources  of  a  portion  of  Yakima  County,  Wanh.,  by  G.  O.  Smith.    1901. 

68  pp.,  7  pis. 
WS  57.  Preliminary  list  of  deep  borings  in  the  United  SUtes,  Pt.  I,  by  N.  H.  Darton.    1902.    60  pp. 
WS  59.  Development  and  application  of  water  in  southern  California,  Pt.  I,  by  J.  B.  Lippincott. 

1902.    95  pp.,  11  pis. 
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II 


ADVERTISEMENT. 


WS   60.  Development  and  appliciition  of  water  in  southern  California,  Ft.  II,  by  J.  B.  Lippincott 

1902.    96-140  pp. 
WS   61.  Preliminary  list  of  deep  boriivgs  in  the  United  States.  Pt.  II,  by  N.  H.  Darton.    1902.    67  pp. 
WS   67.  The  motions  of  underground  waters,  by  C.  S.  Slichter.    1902.    106  pp.,  8  pis. 
B     199.  Geology  and  water  resources  of  the  Snake  River  Plains  of  Idaho,  by  I.  C.  Rus«ell.    1902.    192 

pp..  25  pis. 
WS  77.  Water  resources  of  Molokai,  Hawaiian  Islands,  by  W.  Llndgren.    1908.    62  pp.,  4  pis, 
WS   78.  Preliminarj-  report  on  artesian  basins  in  southwestern  Idahoand  southeastern  Oregon,  by  I.  C. 

Russell.    1903.    63  pp.,  2  pis. 
PP    17.  Preliminary  report  on  the  geology  and  water  resources  of  Nebraska  west  of  the  one  hundred 

and  third  meridian,  by  N.  H.  Darton.    1903.    69  pp.,  43  pis. 
WS   90.  Geology  and  water  resources  of  a  part  of  the  lower  James  River  Valley.  South  Dakota,  by 

J.  E.  Todd  and  C.  M.  Hall.    1904.    47  pp.,  23  pis. 
WS  101.  Underground  waters  of  southern  Louisiana,  by  G.  D.  Harris,  with  discussions  of  their  mta  for 

water  supplies  and  for  rice  irrigation,  by  M.  L.  Fuller.    1904.    98  pp.,  11  pis. 
WS  102.  Contributions  to  the  hydrology  of  eastern  United  States,  1903,  by  M.  L.  Fuller.    1904.    522  pp. 
WS  104.  Underground  waters  of  Gila  Valley,  Arizona,  by  W.  T.  Lee.    1904.    71  pp.,  5  pis. 
WS  110.  Contributions  to  the  hydrology  of  eastern  United  States.  1904;  M.  L.  Fuller,  geologist  in 

charge.    1904.    211  pp.,  5  pis. 
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Washington^  D.  C,  August  10^  190 J/^ 

Sir:  I  transmit  herewith,  for  publication,  a  manuscript  entitled 
"Field  Measurements  of  the  Rate  of  Movement  of  Underground 
Waters,"  prepared  by  Prof.  Charles  S.  Slichter,  professor  of  mathe- 
matics. University  of  Wisconsin. 

The  paper  presents  an  amplified  exposition  of  the  method  of  measur- 
ing the  movement  of  underground  waters  which  wa«  devised  by  Pro- 
fessor Slichter  in  1901  while  working  for  the  hydrographic  branch  of 
the  United  States  Geological  Survey  and  which  has  been  already 
briefly  described  in  Water-Supply  Paper  No.  67, 1902.  Descriptions  of 
the  apparatus  invented  by  him  for  the  laboratory  study  of  wells  con- 
trolling horizontal  and  vertical  movements  of  underground  waters  and 
the  results  of  these  studies  are  also  presented.  The  laboratory  studies 
are  also  supplemented  by  detailed  accounts  of  several  investigations 
made  in  the  field. 

This  paper  should  be  interesting  and  valuable  to  engineers  and  geolo- 
gists, and  the  direct  application  of  the  results  to  the  study  of  problems 
of  vital  interest  to  the  users  of  artesian  waters  should  be  of  great 
practical  value  to  the  general  public.  A  very  suggestive  and  interest- 
ing description  of  the  California  method  of  sinking  ''stovepipe"  wells 
deserves  the  attention  of  drillers  in  unconsolidated  deposits  through- 
out our  country,  while  the  description  of  the  carefully  made  tests  on 
typical  pumping  plants  in  Texas  and  New  Mexico  should  appeal  to 
engineers  and  others  who  are  interested  in  the  problem  of  raising 
water  for  irrigation  or  other  purposes. 

Very  respectfully, 

F.  H.  Newell, 

Chief  En  gineer. 
Hon.  Charles  D.  Walcott, 

Director  United  Status  Geological  Surrey, 
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FIELD  MEASUREMENTS  OF  THE  RATE  OF  MOVEMENT 

OF  UNDERGROUND  WATERS. 


By  Charles  S.  Slighter. 


INTRODUCTION. 

The  following  paper  describes  the  method  and  apparatus  used  in 
measuring  the  velocity  of  underground  waters  and  gives  the  results  of 
field  work  done  with  the  apparatus  in  various  parts  of  the  United 
States,  under  authority  of  the  hydrographic  branch  of  the  United 
States  Geological  Survey.  *The  method  used  in  making  the  measure- 
ments was  devised  by  the  writer  after  preliminary  tests  along  the 
Arkansas  River  in  western  E^ansas  during  the  summer  of  1901.  This 
preliminary  work  indicated  that  it  was  practicable  to  measure  the  rate 
of  flow  of  ground  waters  by  the  use  of  very  simple  apparatus.  Seveml 
determinations  of  the  rate  of  movement  of  the  underflow  of  the 
Arkansas  were  made  during  that  summer.  These  measurements,  it  is 
believed,  constituted  the  first  direct  determinations  of  the  rate  of  flow 
of  ground  water  that  had  been  made  in  this  country.  This  preliminary 
work  was  done  in  the  neighborhood  of  Dodge,  Kans.,  and  at  one  or 
two  points  near  Garden,  Kans.  The  photographs  reproduced  in  PL  I 
show  the  locations  of  the  first  successful  stations,  which  were  estab- 
lished near  Garden,  Kans.  A  brief  description  of  the  electrical 
method  of  measuring  the  velocities  of  underground  waters  resulting 
from  this  preliminary  investigation  was  printed  in  the  Engineering 
News  of  February  20,  1902,  and  in  paper  No.  67  of  the  Water-Supply 
and  Irrigation  series  of  the  United  States  Geological  Survey.  Since 
then,  as  the  result  of  work  carried  on  in  the  field  and  in  the  laboratory, 
the  apparatus  has  been  gradually  improved,  and  its  present  form  is 
de^scribeil  in  these  pages. 

The  paper  will  also  include  some  determinations  of  the  manner  and 

rate  of  flow  of  water  into  tubular  wells,  and  descriptions  of  methods 

and  simple  apparatus  designed  to  accurately  estimate  the  capacity  of 

such  wells. 
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CHAPTER  I. 

THE  CAPACITY  OF  A  SAND  TO  TRANSMIT  WATER- 
FACTORS  INFLUENCING  FLOW. 

The  general  laws  governing  the  flow  of  water  through  a  mass  of 
sand  or  gravel  have  been  described  by  the  writer  in  another  paper." 
and  will  not  be  repeated  in  this  place.  It  is  sufficient  to  state  that 
experiments  show  that  the  flow  of  water  in  a  given  direction  through 
a  column  of  sand  is  proportional  to  the  difference  in  pressure  at  the 
ends  of  the  column,  and  inversely  proportional  to  the  length  of  the 
column,  and  is  also  dependent  upon  another  factor,  called  the  trans- 
mission constant  of  the  sand. 

TRANSMISSION   CONSTANT. 

The  resistance  offered  by  sand  or  gravel  to  the  flow  of  water  which 
is  percolating  through  it  is  very  great.  The  water  is  obliged  to  pas^ii 
through  very  small  pores,  usually  capillary  in  character;  indeed,  thej^ 
are  much  smaller  in  cross  section  than  the  soil  particles  between  which 
they  pass.  If  the  particles  of  sand  or  gravel  which  make  up  the  water- 
bearing medium  are  well  rounded  in  form  the  pores  are  somewhat 
triangular  in  cross  section  and  the  diameter  of  the  individual  pores 
is  only  one-fourth  to  oi\e-seventh  the  diameter  of  the  soil  particles 
themselves.  Thus  if  the  individual  grains  of  sand  average  1  milli- 
meter in  diameter  the  pores  through  which  the  water  must  pass  will 
average  only  one-fourth  to  one-seventh  of  a  millimeter  in  diame- 
ter. If  to  a  mass  of  nearly  uniform  sand  particles  larger  particles  be 
added  the  effect  on  the  resistance  to  the  flow  of  water  will  be  one  of 
two  kinds,  depending  principally  upon  the  ratio  which  the  size  of  the 
particles  added  bears  to  the  average  size  of  grains  in  the  original  sand. 
If  the  particles  added  are  only  slightly  larger  than  the  original  sand 
grains,  the  effect  is  to  increase  the  capacity  of  the  sand  to  transmit 
water,  and  the  more  particles  of  this  kind  that  are  added  the  greater 
will  be  the  increase  in  the  capacity  of  the  sand  to  transmit  water.  If, 
however,  large  particles  are  added,  the  effect  is  the  rev^erae.  If  par- 
ticles seven  to  ten  times  the  diameter  of  the  original  sand  grains  be 
added,  each  of  the  new  particles  tends  to  block  the  course  of  the 

a  The  motions  of  underground  waters:  Water-Sup.  and  Irr.  Paper  No.  67,  U.  3.  Oteol.  Survey,  1902. 
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water.  Thus,  for  example,  a  large  bowlder  placed  in  a  mass  of  fine 
sand  will  tend  to  block  the  passage  of  the  water.  As  more  and  more 
of  the  large  particles  are  added  to  a  mass  of  uniform  sand,  the  rate  of 
flow  of  water  through  it  will  be  decreased  until  the  amount  of  the 
large  particles  equals  about  30  per  cent  of  the  total  mass.  From  this 
time  on  the  adding  of  the  large  particles  .will  increase  the  capacity  of 
the  whole  to  transmit  water  until,  if  a  very  large  quantity  of  the  large 
particles  be  added,  so  that  the  original  mass  of  fine  particles  becomes 
relatively  negligible,  the  capacity  to  transmit  will  approach  that  of  the 
mass  of  the  large  particles  alone.  These  facts  have  an  important  bear- 
ing upon  the  capacity  of  gravels  to  furnish  water  to  wells  or  to  trans- 
mit water  in  the  underflow  of  a  river.  The  presence  of  large  particles 
is  not  necessarily  to  be  interpreted  as  indicating  a  high  transmission 
capacity  of  the  material,  for  this  is  indicated  only  when  the  large  par- 
ticles constitute  a  large  fractional  per  cent  of  the  total  mass,  as  would 
be  the  case  where  the  large  particles  equal  40  or  50  per  cent  of  the 
whole. 

The  capacity  of  any  sand  or  gravel  to  transmit  water  can  be  expressed 
by  means  of  a  single  number  which  is  called  the  transmission  constant  of 
the  soil.  This  constant  is  defined  to  be  the  amount  of  water  transmitted 
in  unit  time  through  a  cylinder  of  the  soil  of  unit  length  and  unit 
cross  section  under  unit  difference  in  head  at  the  ends.  For  example, 
if  the  foot  and  minute  be  the  units  of  length  and  time,  and  if  a  column 
of  sand  1  square  foot  in  cross  section  and  1  foot  in  length  will  trans- 
mit 1  cubic  foot  of  water  a  minute  under  a  difference  in  head  of  1  foot 
of  water,  the  transmission  constant  is  1.  The  transmission  constant  of 
a  soil  varies  very  greatly  with  the  size  of  the  individual  grains  con- 
stituting the  sand  or  gravel,  and  also  depends  in  a  marked  degree 
upon  the  porosit}'  or  amount  of  open  space  in  the  soil.  Table  I,  here- 
with, gives  the  transmission  constants  for  a  variety  of  sizes  of  soil 
grain  and  for  a  series  of  porosities  varying  from  30  to  40  per  cent. 
This  table  is  computed  for  a  temperature  of  the  water  of  60°  F.  An 
auxiliary  table,  Table  II,  is  one  from  which  the  transmission  constants 
corresponding  to  other  temperatures  can  readily  be  found. 

Transmission  constant  h  is  the  quantity  of  water,  measured  in  cubic 
feet,  that  is  transmitted  in  one  minute  through  a  cylinder  of  the  soil 
1  foot  in  length  and  1  square  foot  in  cross  section,  under  difference 
in  head  at  the  ends  of  1  foot  of  water. 

The  tabulated  numbers  express  the  transmission  constant  in  cubic 
feet  per  minute. 
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Tjlble  I. — Transmission  con^ants  from  which  the  velocity  of  water  m  sands  of  various 

effective  sizes  of  grain  can  be  obtained. 

Table  computed  for  temperature  of  60°  F. ;  results  for  other  temperatures  can  be  found  by  the  use  of 

Table  II.] 


Diame- 
ter of 
soil 
grain 


in  mm.   30  per  cent.    32  per  cent 


0.01 

.02 

.03 

.04 

.05 

.06 

.07 

.08 

.09 

.10 

.12 

.14 

.15 

.16 

.18 

.20 

.25 

.30 

35 

.40 

.45 

60 

.55 

60 

.65 

.70 

.75 

.80 

.85 

.90 

.95 

1.00 

2.00 

3.00 

4.00 

5.00 


0.000033 
.000131 
.000296 
.000527 
.000822 
.001182 
. 001610 
.  002105 
.002660 
.  003282 
.004725 
.  006430 
.007390 
.008410 
.01064 
.01315 
.02050 
.02960 
.04025 
.  05270 
.06650 
.  08220 
.09940 
.1182 
.1390 
.1610 
.1850 
.  2105 
.2375 
.2660 
.2965 
.3282 

1. 315 

2.960 

5.270 

8.220 


0.000040 
.000162 
.000364 
.  000648 
.001012 
.  001458 
. 001983 
.002590 
.003280 
.  004050 
.  005830 
.  007940 
.009120 
.  01036 
. 01311 
.  01620 
. 02530 
.03640 
.04960 
.06480 
.08200 
.1012 
.  1225 
.1458 
.1710 
.1983 
.2278 
.  2590 
.2925 
.  3280 
.  3650 
.  4050 

1.620 

3.  640 

6.480 
10.12 


Poroeity. 


34  per  cent. 


0.000050 
.000198 
.0004460 
.0007940 
. 001240 
.001784 
.002430 
.003175 

I 

.004018 

.004960 

.007130 

.009720 

.01115 

.01268 

.01605 

.  01983 

.03100 

.04460 

.06075 

.07940 

.1005 

.1240 

.1500 

.1784 

.  2095 

.  2430 

.2785 

.  31 75 

.  3580 

.4018 

.4470 

.4960 

1.983 

4.460 

7.940 
12.  40 


0. 


5. 

9. 

14. 


000060 

000239 

0005;« 

000958 

001495 

002150 

002930 

003825 

004845 

005980 

008620 

01172 

01345 

01531 

01940 

023JX) 

03740. 

05380 

07330 

09575 

1211 

1495 

1810 

2150 

2530 

2930 

3365 

3825 

4325 

4845 

5400 

5980 

390 

380 

575 

96 


88  per  cent. 


0.000072 
.000286 
.000645 
.  001145 
.001790 
.002580 
.003510 
.004585 
.005800 
.  007170 
.  01032 
.01404 
.01611 
. 01835 
.02320 
.02865 
.04480 
.06450 
. 08790 
.  1145 
.1450 
.1780 
.2165 
.2580 
.3030 
.3510 
.4030 
.4585 
.  5175 
.5800 
.6460 
.7170 
2.865 
6.450 

11.45 

17.90 


40  per  cent. 


0.000085 
.000339 
.000763 
.  001355 
.002120 
.003050 
.004155 
.005425 
.006860 
.008480 
.01220 
.01662 
.  01910 
.  02170 
.  02745 
.03390 
.05300 
.07630 
.  01039 
.1355 
.1718 
.2120 
.2565 
.3050 
.3580 
.4155 
.4770 
.5425 
.6125 
.6860 
.7660 
.8480 

3.390 

7.630 
13. 55 
21.20 


Kind  of  soil. 


Silt. 


V^ery   fine 
Baud. 


►Fine  sand. 


Medium 
sand. 


Coarse 
sand. 


lA 


Fine  grav- 
^    el. 
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Table  II. —  Variaiion,  iriih  the  tempercUuret  of  tlie  flow  of  water  of  various  temperatures 
through  a  sandy  60°  F.  being  taken  as  the  standard  temperature. 


• 

Temperature. 

Relative 
flow,  a 

Temperature. 

Relative 
flow.« 

o^ 

Per  cent. 

°F. 

Percent. 

32 

0.64 

70 

1.15 

35 

.67 

75 

1.23 

40 

.73 

80 

1.30 

45 

.80 

85 

1.39 

50 

.86    i 

90 

1.47 

55 

.93 

95 

1.55 

60 

1.00 

100 

1.64 

65 

1.08 

a  "Relative  flow"  meaiiH  flow  at  given  temperature  compared  with  flow  at  GOP  F.    It  is  expressed 
as  a  percentage. 

It  should  be  borne  well  in  mind  that  the  rate  of  transmission  varies 
very  greatly  with  the  temperature  of  the  water.  For  example,  a 
change  from  50*^  to  60^  increases  the  capacity  to  transmit  water  under 
identical  conditions  by  about  16  per  cent,  while  a  change  from  the 
freezing  temperature  to  a  temperature  of  75""  will  nearl}-  double  the 
power  of  a  soil  to  transmit  water.  This  difference,  of  course,  is  not 
due  to  any  change  in  the  soil  itself,  but  i.s  due  solely  to  the  increased 
ease  with  which  water  flows  at  high  tempemtures  compared  to  the  ease 
with  which  it  flows  at  low  temperatures.  The  transmission  constant  of 
a  sand  can  also  be  obtained  by  use  of  the  diagram  given  in  PI.  II. 
Gituiuated  vertical  lines  will  be  found  in  this  diagram  corresponding 
to  the  diameter  of  the  soil  grains  (d)^  the  amount  of  water  trans- 
mitted (j),  the  hydraulic  gradient  («),  and  the  porosity  of  the  soil  (m). 
The  graduated  line  marked  U^is  an  auxiliary  scale.  The  number  d  is 
expressed  in  millimeters,  and  q  is  expressed  in  cubic  feet  per  minute. 
The  hydraulic  gradient  s  is  expressed  as  a  percentage.  A  slope  of  the 
ground  water  equal  to  2  feet  in  100  feet  appears  in  the  diagram  as 
hydraulic  gradient  0.02  and  a  slope  of  528  feet  per  mile  appears  as 
0.10.  The  porosity,  7n,  also  appears  in  the  diagram  as  a  percentage. 
The  porosity  or  amount  of  voids  in  a  sand  will  usually  lie  between  25 
and  46  per  cent  of  the  total  volume. 

The  diagram  is  used  as  follows:  Suppose  that  the  aniount  of  water 
transmitted  by  a  sand  per  square  foot  of  cross  section  is  desired,  if  the 
effective  size  of  soil  grain  is  0.56  millimeter,  the  hydraulic  gradient 
2  feet  in  100  feet,  and  the  porosity  is  36  per  cent.  Apply  a  ruler  or 
straight  edge  (the  edge  of  a  piece  of  letter  paper  will  do)  to  the  dia- 
gram, passing  through  the  mark  0.55  on  d  and  the  mark  0.02  on  s. 
The  edge  of  the  ruler  will  locate  a  point  0.4:7  on  Z7,  the  exact  location 
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of  which  should  be  noted.  Then  move  the  ruler  so  that  it  will  pa^ 
through  this  same  poiat  on  TJ  and  through  the  mark  36  on  ra.  The 
place  where  the  ruler  crosses  the  line^  (0.0036),  will  give  the  discharge 
in  cubic  feet  per  minute.  The  diagram  gives  results  based  upon  the 
assumed  temperature  of  the  water  of  60°  F.^ 

If  any  three  of  the  four  magnitudes  c?,  y,  »,  in  are  known,  the 
remaining  one  can  be  found  in  a  manner  similar  to  the  above. 

The  removal  of  larger  particles  from  a  mixed  sand  may  not  only 
increase  the  transmission  constant  in  the  manner  described  above,  but 
such  removal  may  also  increase  the  transmission  capacity  by  permit- 
ting the  remaining  sand  to  pack  in  a  more  open  manner,  as  would  be 
shown  by  an  increased  porosity.  Tables  11  and  111  give  results  which 
show  that  the  removal  of  the  larger  grains  from  a  sand  does  not  nec- 
essarily decrease  the  transmission  constant,  but  may  even  increase  it 
The  results  given  in  Table  111  were  obtained  by  successively  removing 
the  larger  particles  from  a  mass  of  sand  by  means  of  standard  sieves, 
and  then  determining  the  porosity,  effective  size,^  and  transmission 
constant  for  the  finer  material  passing  through  the  successive  sieves. 
The  gravel  represented  by  Table  111  consisted  of  a  mixture  of  all  sizes 
of  grains,  from  very  fine  grains  to  bowlders  2  feet  in  diameter.  All 
pieces  larger  than  1  inch  in  diaiheter  were  discurded  before  the  results 
shown  in  Table  111  were  obtained.  It  is  interesting  to  note  that  the 
93.4  per  cent  of  the  total  sand  passing  through  sieve  2  (2  meshes  to 
the  inch)  did  not  have  as  large  an  effective  size  as  the  74.2  per  cent 
which  passed  through  sieve  20  (20  meshes  to  the  inch). 

Table  111  is  derived  from  a  beach  sand.  The  54.3  per  cent  of  this 
sand  which  passed  through  sieve  10  has  a  smaller  transmission  constant 
than  the  36.8  per  cent  which  passed  through  sieve  14. 

The  following  table  shows  the  effect  of  removing,  by  means  ot 
standard  sieves,  the  coarser  portions  of  a  natural  Arizona  gravel. 
The  data  in  columns  2,  3,  4,  6,  and  6  apply  to  that  portion  of  original 
sample  that  passed  the  sieve  named  in  column  1. 

a  The  diagram  wa-s  computed  and  drawn  for  the  writer  by  J.  D.  Siiter,  of  the  University  of  Wisconsin. 

ft  The  effective  mze  of  a  sample  of  Hand  is  such  a  number  that  if  all  grains  were  of  that  diameter 
the  sand  would  have  the  same  transmlsf^ion  capacity  that  it  actually  has.  It  Is,  therefore,  the  true 
mean  or  average  size  of  Hand  grain  in  that  sample. 
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Table  III. — I^ed  of  Temomn(^ 

f  coarser  poi 

4. 

'tiom  of  field  gravel. 

1. 

2. 

3. 

6. 

6. 

No.  of  sieve. 

Quantity  of 

gravel 

pawing. 

Differences 
of  numbers 
in  colamn  2. 

Porosity  of 
portion 
passing. 

EflTective 
8ize. 

Transmlt- 
sion  con- 
stant at  8(y>F. 

Meshes  to 
inch. 

Per  cent  of  to-  Per  enU  qf  to- 
tal weight.       tal  weight. 

PcrcerU. 

Mm. 

Cubic  fed  per 
minute. 

2 

93.  4               6, 6 

38.1 

0.325 

0. 102 

8 
10 

No  data. 

40.0 
38.6 

.320 
.282 

.120 
.080 

83.7 

9.7 

12 

82.6 

1.1 

40.3 

.304 

.108 

14 

80.3 

2.3 

39.5 

.282 

.086 

16 

78.0 

2.3 

39.7 

.282 

.088 

18 

76.4 

1.6 

39.6 

.277 

.085 

20 

74.2 

2.2 

40.6 

.317 

.119 

30 

55. 9    '          8.  3 

41.0 

.250 

.076 

40 

32.2 

23.7 

40.6 

.187 

.042 
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The  following  table  shows  the  effect  of  removing  by  means  of  stand- 
ard sieves  the  coarser  portions  of  a  natural  beach  gravel.  The  data  in 
columns  2,  8,  4,  5,  and  6  apply  to  that  portion  of  original  sample  that 
passed  sieve  named  in  column  1. 

Tablb  IW. — Effect  ofremomng  coarser  portions  of  a  beach  gravel. 


1. 

2. 

8. 

No.  of  sieve. 

Qnantity  of 

gravel 

pawdng. 

Differences 
of  numbers 
in  column  2. 

Per  cent  of  to- 
tal weight. 

Meshes  to 
inch. 

Per  cent  qf  to- 
tal weight. 

Total 

sample. 
10 

100.0 

54.3 

45.7 

12 

47.6 

6.7 

14 

36.8 

10.8 

16....... 

31.4 

5.4 

18 

No  data. 

20. 

25.6 

5.8 

1 

4. 

Porosity  of 
portion 
passing. 


Per  cent. 

37.8 

40.0 

41.7 

41.7 

42.6 

43.5 

43.5 

Effective 
size. 


Mm. 


6. 

Transmis- 
sion con- 
stant at  72°  F. 


Cubic  fed,  per 
minute. 


0.810 

0.529 

.634 

,390 

.640 

.457 

.603 

.406 

.539 

.348 

.520 

.348 

.494 

.314 

CHAPTER   II. 

inS^DERFIjOW  METER  IT8EI)  IN  MEASURING  VEIiOCITir  AXD 
DIRECTION  OF  MOVEMENT  OF  UNDERGROUND  WATERS. 

TYPES  OF  APPARATUS. 

The  apparatus  used  is  of  two  types:  (1)  Direct  reading,  or  hand 
apparatus,  requiring  the  personal  presence  of  the  opei*ator  every  hour 
for  reading  of  instruments,  and  (2)  recording  apparatus,  which 
requires  attention  but  once  in  a  day.  Both  forms  are  described  in  this 
chapter.  The  arrangement  of  the  test  wells  and  manner  of  wiring 
the  wells  is  essentially  the  same  for  both. 

TEST   WELLS. 

The  test  wells  suitable  for  use  with  the  underflow  meter  in  deter- 
mining the  velocity  of  ground  waters  ma}'^  be  common  l^-inch  or  2-inoh 
drive  wells  if  the  soil  is  easily  penetrated  and  if  the  depths  to  be 
reached  do  not  exceed  50  to  75  feet.  For  greater  depths  and  harder 
soil  wells  of  heavy  construction  should  be  used.  The  H-inch  drive 
wells  are  much  preferable  to  the  li-inch  wells  because  of  the  fact 
that  li-inch  pipe  is  lap  welded,  while  the  IJ-inch  is  butt  welded, 
and  less  capable  of  standing  severe  pounding.  The  drive  point  used 
with  the  well  may  be  l^-inch  standard  brass  jacket  well  points,  42  to 
48  inches  long,  with  No.  60  brass  gauze  strainer.  The  well  points 
should  be  threaded  with  li  inches  of  standard  thread,  somewhat  more 
than  is  usually  found  on  the  trade  goods.  The  pipe  should  be  full 
weight  strictly  wrought-iron  standard  pipe,  cut  in  lengths  of  6  or  7 
feet,  and  threaded  li  inches  at  each  end.  The  couplings  should  be 
wrought-iron  hydraulic  recessed  couplings,  and  the  thread  on  the  pipe 
should  be  cut  in  such  a  way  that  when  properly  screwed  up  the  ends 
of  the  pipe  will  abut.  The  recessed  couplings  protect  the  pipe  at  its 
weakest  point,  while  an  ordinary  coupling  will  leave  exposed  a  threud 
or  two  of  the  pipe  so  that  severe  driving  is  liable  to  swell  and  ulti- 
mately rupture  the  pipe  just  above  the  coupling.  Fig.  1  represents  a 
hydraulic  coupling,  showing  a  properly  made  joint. 

The  driving  head  should  be  made  of  rolled  steel  shafting  and  should 
be  about  4  inches  long,  carrying  l^-inches  standard  thread  and  an  air 
hole  to  permit  the  free  escape  of  air  from  the  well  while  the  driving 
16 
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is  in  progress.  A  driving  ram  for  putting  down  the  drive  wells 
should  be  about  5^^  feet  long  bj'  5i  inches  in  diameter,  made  of  heavy 
oak  or  other  tough  wood,  with  iron  bands  shrunk  on  the  ends,  and 
bearing  two  handles  of  hard  wood  at  each  end  in  order  to  facilitate 
the  handling  of  the  ram  by  two  men.  It  is  convenient  to  have  these 
handles  placed  one  about  1  foot  from  one  end,  and  the  other  about  2 
feet  from  the  other  end.  By  reversing  the  ram  the  handles  are 
brought  in  a  more  convenient  position  for  driving  as  the  well  goes 
down. 

PI.  Ill,  A  illustrates  the  method  of  putting  down  drive  points.  If 
the  test  wells  are  to  be  sunk  to  a  depth  exceeding  that  to  which  drive 
points  can  be  readily  driven,  open-end  2-inch  pipe  should  be  used. 
These  wells  should  be  made  with  full  weight  strictlj'  wrought-iron 
2-inch  pipe  with  long  threads  and  recessed  hydraulic  couplings,  as 
described  above.  The  pipe  can  either  be  put  down  without  a  screen, 
in  which  case  a  li-inch  well  point  with  turned  coupling  may  be  inserted 
through  a  drive  shoe  at  the  Iwttom  of  the  cji^jing  after  the  pipe  is 
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Fig.  1.— Pipe  joint  made  with  liydraulic  coupling.    This  joint  will  stand  hard  driving. 

driven  into  place,  or  an  open-end  brass  jacket  well  point,  48  inches 
long,  may  be  put  down,  with  the  pipe.  The  pipe  should  be  driven  into 
place  with  a  cast-iron  ram  varying  in  weight  from  150  to  250  pounds, 
simultaneously  hydmulicking  a  passage  for  pipe  with  water  jet  in 
three-fourths-inch  wash  pipe.  There  are  many  hand  rigs  on  the  market 
suitable  for  this  work,  or  a  rig  can  l)e  readily  constructed  bj^  any  good 
mechanic.  Such  a  rig  is  shown  in  PI.  VI,  A,  A  suitable  pump  for 
the  hydraulic  jet  is  a  double-acting  horizontal  force  pump  with  a 
4-  by  4i-inch  cylinder.  If  the  material  in  which  the  well  is  to  be 
drilled  is  not  too  hard  nor  too  full  of  bowlders,  the  writer  recommends 
that  an  open-end  well  point  be  put  down  with  the  casing.  This  is 
apt  to  cause  some  difficulty  in  the  proper  working  of  the  hydraulic 
jet,  by  the  escape  of  water  through  the  screen  of  the  well  point.  This 
difficulty  can  be  obviated  and  a  more  powerful  wash  secured  by  admit- 
ting a  considerable  quantity  of  air  along  with  the  water  at  the  suction 
end  of  the  force  pump.  The  exact  amount  of  air  to  be  admitted  can 
IBB140— 05-— 2 
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be  readily  determined  with  a  little  experience.  The  eflFect  of  the  air 
entering  the  well  under  high  pressure  is  to  form  a  powerful  air  lift 
which  will  throw  the  water  and  gravel  out  of  the  top  of  the  well  casing 
with  great  force.  It  has  been  the  writer's  experience  that  the  best 
hydraulic  samples  are  obtained  with  the  combination  hydraulic  pneu- 
matic jet.  If  the  hydraulic  jet  alone  is  used  the  coarser  particles  have 
a  tendency  to  remain  at  the  bottom  of  the  well. 

After  a  test  is  completed  the  well  casing  can  readily  be  pulled  by  a 
No.  2  cast-iron  pipe  puller  and  two  5-ton  railroad  jacks.  Sets  of  dies  for 
the  pipe  puller  to  fit  both  1^-  and  2-inch  pipe  can  be  obtained  at  small 
cost.  PI.  Ill,  jB,  shows  the  operation  of  the  pipe  puller  and  railroad 
jacks. 


Fig.  2.— Plan  of  arrangemont  of  tcKt  wells  used  in  determining  the  velocity  and  direction  of  motion 
of  gniund  water:  A,  B,  C,  D  are  the  test  wells.  The  direction  A-C  is  the  direction  of  probable  motion 
of  the  ground  wat«r.  The  dimensions  given  in  plan  a  are  suitable  for  depths  up  to  about  25  or  30 
feet,  those  in  plan  b  for  depths  up  to  about  75  feet.  For  gtpater  depths  the  di-^tances  A-B,  A-C 
A-D  should  be  increased  to  9  or  10  feet,  and  the  disiances  B-C  and  C-D  to  4  feet.  The  well  A  i»  the 
"salt  well*'  or  well  intr)  which  the  electrolyte  is  placed. 

The  tost  wells  are  driven  in  groups,  as  shown  in  fig.  2,  each  group 
of  wells  constituting  a  single  station  for  the  measurement  of  the  direc- 
tion and  rate  of  flow  of  the  ground  water.  In  case  the  wells  are  not 
driven  deeper  than  25  feet,  the  ^'upstream ''  or  "  salt  well "  A  is  located, 
and  three  other  wells,  B,  C,  and  D,  arc  driven  at  a  distance  of  4  feet 
from  A,  the  distance  between  B  and  C  and  C  and  D  being  alwut  *2 
feet.  The  well  C  is  located  so  that  the  line  from  A  to  C  will  coincide 
with  the  probable  direction  of  the  expected  ground- water  movement. 
This  direction  should  coincide,  of  course,  with  the  local  slope  of  the 
water  plane,  and  if  this  is  not  accurateh^  known,  it  should  be  deter- 
mined by  means  of  leveling  w  ith  a  level.  For  deeper  work  the  wells 
should  be  located  farther  apart,  as  shown  in  the  right  portion  of 
fig.  2.  For  depths  exceeding  75  feet,  a  radius  of  8  or  9  feet  and 
chords  of  4:  feet  should  be  used,  the  general  requirement  being  that 
the  wells  should  be  as  close  together  as  possible,  so  as  to  cut  down  to 
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a  ininimum  the  time  required  for  a  single  measurement,  but  not  so 
close  that  important  errors  are  liable  to  be  introduced  by  the  inability 
to  drive  the  wells  perfectly  straight  and  plumb.  On  this  account  the 
deeper  the  wells  the  farther  apart  they  should  be  placed.  The  angles 
B  A  C  and  C  A  D  should  not  exceed  30°. 

DIRECT-READING   INSTRUMENTS. 

Electrical  connection  is  made  with  the  casing  of  each  test  well  by 
means  of  a  drilled  coupling  carrying  a  binding  post.  Each  of  the 
downstream  wells  (B,  C,  D)  contains  within  the  well  point  or  screen 
section  an  electrode  consisting  of  a  nickeled  brass  rod  three-eighths 
inch  in  diameter  by  4  feet  long,  insulated  from  the  casing  by  wooden 
spools.  The  end  of  rod  receives  a  No.  14  rubber-covered  wire,  to 
which  good  contact  is  made  by  a  chuck  clutch.  An  electrode  is  shown 
in  PI.  IV.  This  electrode  communicates  with  the  surface  by  means  of 
a  rubber-covered  copper  wire.  PI.  IV  also  shows  two  buckets  of  per- 
forated brass  used  in  charging  wells  with  granulated  sal  ammoniac; 
each  is  If  by  30  inches. 

Fig.  3  illustrates  the  arrangement  of  electric  circuits  between  the 
upstream  well  and  one  of  the  downstream  wells.  Each  of  the  down- 
stream wells  is  connected  to  the  upstream  well  in  the  mannef  shown 
in  this  figure. 

A  view  of  the  direct- reading  underflow  meter  is  shown  in  PI.'  V,  A. 
Six  standard  dry  cells  are  contained  in  the  bottom  of  the  box,  their 
poles  being  connected  to  the  six  switches  shown  at  the  rear  of  the 
case.  By  means  of  these  switches  any  number  of  the  six  cells  may 
be  thrown  into  the  circuit  in  series.  One  side  of  the  circuit  tenni- 
nates  in  eight  press  keys,  shown  at  the  left  end  of  the  box.  The 
other  side  of  the  circuit  passes  through  an  ammeter,  shown  in  the 
center  of  the  box,  to  two  three-way  switches  at  right  end  of  the  box. 
Four  of  the  binding  posts  at  the  left  end  of  the  box  are  connected, 
respectively,  to  the  casing  of  well  A,  and  to  the  three  electrodes  of 
wells  B,  C,  and  D,  in  the  order  named.  The  binding  posts  at  the 
right  end  of  the  box  are  connected  to  the  casings  of  wells  B,  C,  and  D. 
There  are  enough  binding  posts  to  connect  two  different  groups  of 
wells  to  the  same  instrument.  When  the  three-way  switch  occupies 
the  position  shown  in  the  photograph,  pressing  the  first  key  at  left  end 
of  the  box  will  cause  the  ammeter  to  show  the  amount  of  current 
passing  between  casing  of  well  A  and  casing  of  well  B.  When  the 
next  key  is  pressed  the  ammeter  will  indicate  the  current  between  the 
casing  of  well  B  and  the  electrode  contained  within  it.  In  one  instance 
the  current  is  conducted  between  the  two  well  casings  by  means  of 
the  ground  water  in  the  soil;  in  the  second  case  the  electric  circuit  is 
completed  by  means  of  the  water  within  well  B.  By  putting  the 
three-way  switch  in  second  position  and  pressing  the  first  and  third 
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keys  in  turn,  similar  readings  can  be  had  for  current  between  casin;^ 
A  and  C  and  between  easing  C  and  its  internal  electrode.  Similarl3' 
with  switch  in  third  position,  readings  are  taken  by  pressing  first  and 
fourth  keys.  The  results  may  be  entered  in  a  notebook,  as  shown  in 
Table  V. 


Fig.  3.— Diagram  illustrating  electrical  method  of  determining  the  velocity  of  flow  of  ground  water. 
The  ground  water  is  supposed  to  be  moving  in  the  direction  of  the  arrow.  The  upstream  well  Is 
charged  with  an  electrolyte.  The  gradual  motion  of  the  ground  water  toward  the  lower  well  and 
its  final  arrival  at  that  well  are  registered  by  the  ammeter  A  B  is  the  battery  and  C  a  commutator 
clock  which  is  used  when  A  is  a  recording  ammeter. 

The  principles  involved  in  the  working  of  the  apparatus  are  very 
simple.  The  upstream  well  A  is  charged  with  a  strong  electrolyte, 
such  as  sal  ammoniac,  which  passes  down  stream  with  the  moving 
ground  water,  rendering  the  ground  water  a  good  electrolytic  con- 
ductor of  electricity.  If  the  ground  water  moves  in  the  direction  of 
one  of  the  lower  wells,  B,  C,  D,  etc.,  the  electric  current  between 
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A  and  B,  A  and  C,  or  A  and  D  will  gradually  rise,  mounting  rapidly 
w^hen  the  electrolyte  begins  to  touch  one  of  the  lower  wells.  When 
the  electrolyte  finally  readies  and  enters,  inside  of  one  of  the  wells  B, 
C,  D,  it  forms  a  short  circuit  between  the  casing  of  the  well  and  the 
internal  electrode,  causing  an  abrupt  rise  in  the  electric  current.  The 
result  can  be  easily  understood  by  consulting  Table  V  and  fig.  4,  in 
which  the  current  is  depicted  graphically. 

Table  V. — Field  record  of  elet^ric  current  during  underflow  measurements  at  station  5,  Rio 
Hondo  and  San  Gabriel  River j  Ccdifomia,  Au{fust  5  and  fi,  1902, 

[ReHdings  in  amperes  and  decimals  of  an  ampdre.] 


Wei 
Casing. 

0.140 
Salt. 
.160 
.168 
.180 
.192 
.202 
.205 
.208 
.210 
.218 
.225 
.230 
.240 
.250 
.275 
.350 
.420 
.510 
.560 
.550 
.520 

IB. 



Elec- 
trode. 

._       _ 
0.360 

.360 

.345 

.340 

.345 

.342 

.350 

.330 

.330 

.330 

.330 

.330 

.340- 

.600 

.850 

1.550 

2.000 

2.200 

2.250 

2.  250 

2.200 

Wei 
Ca.<dng. 

ir. 

Elec- 
tnxle. 

Well  I). 

Remf 

Time. 

Casing. 

0.150 
Salt. 
.170 
.180 
.192 
.202 
.210 
.210 
.210 
.210 
.212 
.218 
.220 
.223 
.225 
.225 
.230 
.230 
.230 
.230 
.230 
.225 

Elec- 
trode. 

0.390 

■ 

irks.a 

8  a.  m 

0.142 
Salt. 
.163 
.170 
.182 
.195 
.202 
.204 
.205 
.205 
.210 
.210 
.218 
.222 
.222 
.225. 
.230 
.240 
.240 
.240 
.230 
.230 

0.332 

.  330 
.325 
.320 
.340 
.320 
.320 
.310 
.310 
.310 
.310 
.320 
.315 
.310 
.310 
.310 
.310 
.310 
.310 

8.15  a.  m 

8.30  a.  in 

INaCl 

2  NH.Cl 
1  NH.Cl 

9  a.  m 

.390 
.380 
.370 
.370 
.360 
.370 
.360 
.360 
.360 
.350 
.352 
.:^60 
.340 
.340 
.340 
.340 
.  330 
.330 

INaCl 

10  a.  m 

1  NH4CI 

11.40  a.  m 

1  p.  m 

2  p.  m 

3  p.  m 

4  p.  m 

5  p.  m 

6  p.  rn 

7  p.  in 

8  p.  Ill 

9  p.  m 

10.30  p.  m 

12  p.m 

1  a.  m  ^ 

1  NH.Cl 

1  NaCl 

1  NH4CI 

• 

1  NaCl 

1  NH.Cl 

2.30  a.  m 

4.1'5a.  m 

5.*Wa.  m 

7.45  a.  m 

8.15  a.  m 

9  a.  m ... 

1 

1 

1 

rtThe  electrolyte  was  lowered  int<^)  well  A  by  means  of  a  perfomted  braaa  bucket.  1}  by  80  inches  in 
size.  The  formula  "2  NttiCI"  means  that  two  of  these  buckets,  full  of  ammonium  cnloride,  were 
introduced  into  well  A  at  the  time  indicated.    Each  of  these  buckets  held  2  pounds  of  the  salt. 

h  August  6. 

The  time  that  elapses  from  the  charging  of  the  well  A  to  the  arrival 
of  the  electrolyte  at  the  lower  well  gives  the  time  necessary  for  the 
ground  water  to  cover  the  distance  between  these  two  wells.     Hence, 
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if  the  distance  between  the  wells  be  divided  by  this  lapse  of  time,  the 
result  will  be  the  velocity  of  the  ground  water.  The  electrolyte  does 
not  appear  at  one  of  the  down^^tream  v/ells  with  very  great  abruptness: 
its  appearance  there  is  somewhat  gradual,  as  shown  in  the  curves}  in 
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Fig.  4.--DiaKram  showing  arapt>re  curves  at  station  5  in  the  narrows  of  the  San  Gabriel  River. 
California.  The  lieavy  curve  represents  the  strength  of  elcetric  current  between  the  coding  of 
well  A  and  cai<ing  of  well  B.  The  dotted  curve  represents  the  strength  of  current  between  the 
electrode  in  well  B  and  the  casing  of  well  B.  These  curves  illustrate  results  obtained  with  the 
direct-reading  form  of  apparatus. 

figs.  4  and  5.  The  tune  required  for  the  electrolyte  to  reach  its  maxi- 
mum strength  in  one  of  the  downstream  wells  (and  hence,  for  the  cur- 
rent to  reach  its  maximum  value)  may  vary  from  a  few  minutes  in  a 
case  of  high  ground-water  velocity  to  several  hours  in  a  case  of  low 
velocit}.     The  writer  formerl}'  supposed  that  the  gnidual  appearance 
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of  the  electrolyte  at  the  downstream  well  was  largely  due  to  the  diffu- 
sion of  the  dissolved  salt,  but  it  is  now  evident  that  diffusion  plays  but 
a  small  part  in  the  result.  The  principal  cause  of  the  phenomena  is 
now  known  to  be  due  to  the  fact  that  the  central  thread  of  water  in 
each  capillary  pore  of  the  soil  moves  faster  than  the  water  at  the  walls 
of  the  capillar}^  pore,  just  as  the  water  near  the  central  line  of  a  river 
channel  usually  flows  faster  than  the  water  near  the  banks.  For  this 
reason,  if  the  water  of  a  river  suddenly  be  made  muddy  at  a  certain 
upstream  point  the  muddy  chai'acter  of  the  water  at  a  downstream 
point  will  appear  somewhat  gradually,  being  first  brought  down  by 
the  rapidly  moving  water  in  the  center  of  the  channel,  and  later  by 
the  more  slowly  moving  water  near  the  banks.  The  effect  of  the 
analogous  gradual  rise  in  the  electrolyte  in  the  downstream  well 
requires  us  to  select  the  "point  of  inflection"  of  the  curve  of  electric 
current  as  the  proper  point  to  determine  the  true  time  at  which  the 
arrival  of  the  electrolyte  should  be  counted.  This  point  is  designated 
by  the  letter  M  in  figs.  4  and  5. 

Owing  to  the  repeated  branching  and  subdivision  of  the  capillary 
pores  around  the  grains  of  the  sand  or  gravel,  the  stream  of  electrolyte 
issuing  from  the  well  will  gradually  broaden  as  it  passes  downstream. 
The  actual  width  of  this  charged  water  varies  somewhat  with  the 
velocity  of  the  ground  water,  but  in  no  case  is  the  rate  of  the  diver- 
gence very  great.  The  manner  in  which  the  electrolyte  spreads  has 
been  caref  ulh'  investigated  and  will  be  described  in  a  later  page. 

It  is  possible  to  dispense  with  the  circuit  between  the  casing  of  well 
A  and  the  casing  of  each  of  the  other  wells,  as  the  short  circuit  between 
the  well  and  electrode  forms  the  best  possible  indication  of  the  arrival 
of  the  electrolvte  at  the  downstream  well.  For  cases  in  which  the 
velocity  of  ground  water  is  high,  the  circuit  to  well  A  is  practically  of 
no  value;  but  for  slow  motions  this  circuit  shows  a  rising  current  before 
the  arrival  of  the  electrolyte  at  the  lower  well,  often  giving  indications 
of  much  value  to  the  observer. 

The  method  can  be  used  successfully  even  though  nothing  but  com- 
mon pipe  be  used  for  the  wells.  In  this  case,  however,  the  absence 
of  screen  or  perforations  in  the  wells  renders  the  internal  electrodes 
useless,  and  one  nnist  depend  upon  the  circuit  from  well  casing  of 
the  upstream  well  to  well  casing  of  downstream  well. 

The  results  shown  in  fig.  5  present  such  a  case.  In  this  case  the 
wells  were  not  provided  with  well  points,  but  merely  possessed  a  4-foot 
length  of  pipe,  provided  with  four  or  five  holes  on  opposite  sides  of 
the  pipe  containing  small  i-inch  washer  screens.  These  few  openings 
are  not  sufficient  to  permit  the  electrolyte  to  enter  the  well  freely, 
so  that  readings  between  casings  were  relied  upon  for  results.  As  a 
matter  of  fact,  enough  of  the  electrolyte  did  get  into  the  well  to  give 
small  increased  readings,  but  in  order  to  obtain  the  electrode  readings 
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shown  in  the  diagram  water  was  removed  from  the  downstream  wells 
by  a  small  bucket  holding  about  6  ounces,  so  as  to  force  a  quantity  of 
the  water  surrounding  the  well  into  the  perforated  sections.  In  cases 
where  good  well  points  are  used  the  ground  water  charged  with  the 
electrolyte  finds  its  wa}'^  gradually  and  naturally  into  the  well.  The 
well  point  should  be  clear  enough  to  allow  as  free  passage  into  the 
well  as  through  the  soil  itself.  This  is  easily  accomplished  by  pump- 
ing water  from  each  test  well  with  a  common  pitcher  pump  for  a  few 
minutes  or  until  the  water  is  fairly  clear. 
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Fig.  5.— Ampere  curves  at  station  1,  Long  Inland,  N.  Y.,  showing  possibility  of  use  of  direct-reading 
apparatus  when  well  points  are  not  u.«»ed.  The  casing  in  this  instance  consisted  ot  common  black 
2-inch  pipe,  with  a  few  small  holes  In  tx>ttom  section.  The  **  ca.««ing"  curve  must  be  relied  upon  for 
detorminnig  velocity.  The  "electrode"  curve  was  obtained  by  drawing  water  from  well  C,  as 
shown  on  diagram,  the  charge<i  water  being  drawn  into  the  well  through  the  small  holes  and  the 
open  end  of  well. 

« 

Granuhited  sal  ammoniac  is  used  to  dose  well  A.  A  single  charg-o 
may  vary  from  4  to  10  pounds.  If  common  pipe  without  points  or 
screen  is  used  for  the  wells,  so  that  internal  electrodes  must  be  dis- 
pensod  with,  doses  of  about  2  pounds  each  should  be  repeated  about 
every  hour.  The  drv  salt  should  not  be  poured  directly  into  the  well, 
but  should  be  lowered  in  perforated  bucket**,  a  photograph  of  one 
being  shown  in  PI.  IV.  These  buckets  are  1|  by  30  inches  and  hold 
a))out  2  pounds  of  the  salt.  Two  of  these  buckets  may  be  tied  one 
a))ove  the  other  for  the  initial  charge,  and  followed  by  two  more  in 
ten  or  twentv  minutes. 
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If  the  wells  are  not  too  deep,  the  sal  ammoniac  maj'  l>e  introduced 
into  the  well  in  the  form  of  a  solution.  A  common  bucket  full  of 
saturated  wsolution  is  sufficient.  There  is  an  uncertainty  in  introducing 
the  sal  ammoniac  in  solution  in  deep  wells,  as  the  time  required  for 
the  solution  to  sink  to  the  bottom  of  the  well  may  be  considerable. 

The  direct-reading  ammeter  used  in  the  work  has  two  scales,  one 
reading  from  0  to  1.5  amperes  and  the  other  from  0  to  5  amperes. 
With  a  given  number  of  cells,  the  amount  of  current  between  the 
upstream  and  a  downstream  well  will  depend,  of  course,  upon  several 
factors,  such  as  the  depth  and  distance  apart  of  the  wells,  but  more 
especially  upon  the  amount  of  dissolved  mineral  matter  in  the  ground 
water.  The  initial  strength  of  the  current  can  be  readily  adjusted, 
however,  after  the  wells  have  been  connected  with  the  instruments, 
by  turning  on  or  off  some  of  the  battery  cells  by  means  of  the  switches 
at  the  rear  of  the  box.  It  is  a  good  plan  to  use  enough  cells  to  give 
an  initial  current  between  one-tenth  and  two-tenths  of  an  ampere. 

RECORDING   INSTRUMENTS. 

In  the  second  form  of  underflow  meter  a  self-recording  instrument 
is  used  in  place  of  the  direct-reading  ammeter,  thus  doing  away  with 
the  tedious  work  of  taking  the  frequent  observations  day  and  night, 
which  are  required  when  direct-reading  instruments  are  used.  The 
arrangement  of  the  apparatus  is  not  materially  different  from  that 
described  above.  In  the  place  of  the  direct-reading  ammeter  a  special 
recording  ammeter  is  used,  of  range  0  to  2  amperes.  It  has  been  v 
found  practicable,  although  it  is  a  matter  of  some  difficulty,  to  con- 
struct an  instrument  of  this  low  range  that  is  sufficiently  portable  for 
field  use  and  not  too  delicate  for  the  purpose  for  which  it  is  intended. 
The  ammeter  has  a  resistance  of  about  1.6  ohms  and  is  provided  with 
oil  dash  pot  to  dampen  swing  of  arm  carrying  the  recording  pen.  The 
instruments  were  manufactured  by  the  Bristol  Company.  They  have 
gone  through  hard  usage  in  the  field  without  serious  breakage  or  mis- 
hap. The  portability  of  the  instruments  will  be  materiall}^  increased 
by  changes  in  design  which  are  now  being  made. 

The  method  of  wiring  the  wells  when  the  recording  instruments 
are  used  is  slightly  changed.  In  this  case  one  side  of  the  battery 
circuit  is  connected  to  casing  of  well  A  and  to  all  of  the  electrodes  of 
wells  B,  C,  and  D.  The  other  side  of  the  battery  is  run  through  the 
recording  ammeter  to  a  commutator  clock,  which  once  every  hour 
makes  a  contact  and  completes  the  circuit,  one  after  the  other,  to  a 
series  of  binding  posts.  One  of  these  binding  posts  is  connected  to 
the  casing  of  well  B,  one  to  the  casing  of  well  C,  and  one  to  the  casing 
of  well  D.  The  period  of  conbict  is  ten  seconds,  which  gives  an  abun- 
dance of  time  for  the  pen  to  reach  its  proper  position  and  to  properly 
ink  its  record. 
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PL  V,  B  shows  a  commutator  clock  made  for  this  purpose  by  the 
instrument  maker  of  the  College  of  Engineering,  University  of  Wis- 
consin. The  clock  movement  is  a  standard  movement  of  fair  grade, 
costing  less  than  $5.  It  can  readily  be  taken  from  the  case  for  cleaning 
or  oiling  and  quickly  replaced.  A  good  movement  with  powerful 
springs  is  best  for  this  purpose. 

It  will  be  seen  from  the  method  of  wiring  the  wells  that  the  record 
will  show  the  sum  of  the  current  between  well  A  and  well  B  added  to 
the  current  between  the  casing  of  well  B  and  its  electrode.  The 
removal  of  the  connection  to  well  A  would  permit  the  record  to  show 
the  current  between  the  casing  of  a  downstream  well  and  its  electrode, 
but  the  connection  to  the  upstream  well  involves  no  additional  trouble 
and  occasionally  its  indications  are  of  much  service,  especially  if  the 
velocities  are  low. 

One  of  the  instruments  above  mentioned  can  be  placed  in  a  common 
box,  16  by  22  by  36  inches,  covered  with  tar  paper  and  locked  up. 
PI.  VI,  B^  is  a  view  of  the  instruments  thus  arranged.  The  shelf  con- 
tains the  recording  ammeter  (shown  at  left  of  cut)  and  the  commutator 
clock  (shown  at  right  of  cut). 

The  contacts  on  the  commutator  clock  are  arranged  about  five  min- 
utes apart,  so  that  the  record  made  for  the  wells  will  appear  on  the 
chart  as  a  group  of  lines,  one  for  each  downstream  well,  of  length 
corresponding  to  the  strength  of  the  current.  The  increasing  current 
corresponding  to  one  of  the  wells  will  finally  be  indicated  by  the 
lengthening  of  the  record  lines  for  that  well.  This  can  be  seen  In- 
consulting  the  records  shown  in  PI.  VII.  The  record  charts  are 
printed  in  light-green  ink  and  red  ink  is  used  in  the  recording  pen, 
so  that  record  lines  can  be  distinguished  when  superimposed  upon 
the  lines  of  the  chart.  A  special  chart  has  been  designed  for  this 
work  and  is  furnished  by  the  Bristol  Company  a^  chart  458. 

PI.  VII  shows  two  charts  made  by  recording  ammeter.  In  the 
upper  the  electrical  current  for  wells  B,  C,  and  D,  at  station  14,  Long 
Island,  is  recorded,  in  the  order  named,  at  2.10,  2.15,  and  2.20  p.  ni., 
and  hourly  thereafter,  the  current  remaining  nearly  constant  at  .22  to 
.24  ampere  until  10.15  p.  ni.,  when  the  current  for  well  C  rises  as 
indicated  in  the  chart.  In  the  lower  chart  the  electrical  current  for 
wells  B,  C,  and  D  is  recorded,  in  the  order  named,  at  6.30,  6.35,  and 
6.40  p.  m.,  and  hourly  thereafter.  The  current  for  wells  B  and  I^ 
remains  constant  at  .25  ampere,  but  the  current  for  well  C  rises  as 
shown. 

The  recording  instruments  in  use  have  given  perfect  satisfaction 
and  the  method  is  a  great  improvement  in  accuracy  and  convenience 
over  the  direct-reading  method.  The  highest  as  well  as  the  lowest 
ground-water  velocities  yet  found  have  been  successfully  measured 
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by  the  recoixling  instruments.  By  using  one  or  two  additional  dry 
cells  the  instrument  may  be  made  quite  as  sensitive  as  the  direct- 
reading  type.  In  using  the  recording  instruments  but  a  single  dose 
of  salt  need  be  placed  in  the  upstream  well.  If  the  wells  are  deep,  it 
is  important  to  use  enough  salt  solution  to  make  sure  that  the  salt 
reaches  as  deep  as  the  screen  of  the  well  point  immediately  after  the 
solution  is  poured  into  the  well.  A  gallon  of  solution  will  fill  about 
6  feet  of  full-weight  wrought-iron  pipe,  so  that  10  gallons  of  solution 
should  be  used  if  well  is  60  feet  deep.  If  the  proper  amount  of  solu- 
tion be  not  used,  it  will  take  an  appreciable  time  for  the  solution  to 
reach  the  bottom  of  the  well  by  convection  currents,  and  the  results 
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Fig.  6. — Ampere  curves  at  station  10,  Garden,  Kans.  The  heavy  curves  represent  the  electric  cur- 
rent between  the  caitini^  of  wells  B  and  C  and  the  eleotrode.H  inside  of  them.  The  dotted  curves 
represent  the  electric  current  between  wells  B  and  C  and  between  d  and  D.  The  electric  current 
for  the  electrode  of  well  B  rose  earlier  than  for  well  C,  and  the  electric  current  between  wells  B  and 
C  rose  earlier  and  more  abruptly  than  for  wells  C  and  D,  indicating  that  the  principal  stream  of 
electrolyte  passed  between  wells  B  and  C  and  nearer  to  well  B  than  to  well  C. 


will  be  vitiated  to  that  extent.  As  before  stated,  it  is  preferable  to 
introduce  into  the  well  granulated  sal  ammoniac  contained  in  a  suit- 
able bucket  in  case  the  depth  of  the  well  renders  the  use  of  a  solution 
uncertain. 

In  order  to  properly  interpret  results  obtained  in  the  field  with  the 
apparatus,  it  becomes  necessary  to  investigate  the  behavior  of  the  dis- 
solved electrolyte  as  it  moves  onward  with  the  ground  water  after 
leaving  the  salted  well.  This  matter  could  be  investigated  only  in  the 
laboratory,  and  it  was  sought  to  reproduce  as  nearly  as  possible  the 
conditions  found  in  the  field. 
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Before  salting  the  upstream  well  of  any  set  of  test  wells  the  electric 
circuit  should  be  closed  between  each  adjacent  pair  of  downstream 
wells,  and  the  current  should  be  measured  with  the  direct-reading 
ammeter  and  recorded  in  the  notebook.  An  occasional  reading  of 
these  same  circuits  will  prevent  the  electrolyte  from  passing  between 
two  of  the  downstream  wells  without  the  knowledge  of  the  observer. 
This  is  clearly  shown  by  the  results  obtained  with  the  set  of  wells 
represented  in  fig.  6.  At  the  location  of  this  station  the  direction  of 
the  flow  was  at  first  not  correctly  estimated  on  account  of  its  nearness 
to  a  river  whose  height  was  fluctuating.  For  that  reason  the  down- 
stream wells  were  redriven  at  distances  of  but  20  inches  from  one 
another.  The  diagram  gives  the  ampere  curves  for  wells  B  and  C, 
both  of  which  were  reached  by  the  electrolyte,  and  also  the  curves  of 
current  between  wells  B  and  C  and  wells  C  and  D.  The  actual  direc- 
tion of  flow  can  be  seen  from  these  curves  to  lie  between  B  and  C,  and 
probably  nearer  B  than  C,  since  the  curve  for  B  rises  somewhat  earlier 
and  the  percentage  increase  in  current  is  greater.  The  same  fact  is 
shown  by  the  curves  representing  the  current  between  B  and  C  and 
between  C  and  D.  The  main  stream  of  electrolyte  must  have  passed 
between  B  and  C,  as  is  shown  by  the  more  abrupt  and  earlier  use  in 
the  current  between  B  and  C  as  compared  to  that  between  C  and  D. 


CHAPTER  III. 

I.1ABORATORY    EXPERIMENTS    ON  THE   FI^OW   OF  WATER 

THROUGH  8ANDS  AND  GRAVEIjS. 

OBJECT8  OF  THE   EXPERIMENTS. 

During  the  winters  of  1902-3  and  1903-4  experiments  were  carried 
on  in  the  laboratory  upon  the  flow  of  water  through  sands  and  gravels 
contained  in  tanks.  The  objects  of  these  experiments  were:  (1)  To 
verify  the  law  of  flow  of  water  through  sands  and  gravels  under  gra- 
dients similar  to  those  found  in  the  field;  (2)  to  ascertain  the  law  of 
distribution  in  a  horizontal  plane  of  the  electrolyte  used  in  the  elec- 
trical method  of  determining  the  i*ate  of  flow  of  underground  water; 
(3)  to  determine  the  influence  of  varying  velocities  upon  this  distribu- 
tion; (4)  to  determine,  if  possible,  by  means  of  apparatus  approxi- 
mating actual  field  conditions,  the  relation  between  the  distribution  of 
the  electrolyte  and  the  current  curve  obtained  by  the  electrical  method 
of  measuring  ground-water  velocities,  thereby  checking  the  accuracy 
of  the  method  and  f\irnishingdata  indicating  more  definitely  the  point 
on  the  current  curve  which  should  be  selected  in  order  to  find  the 
velocity  of  flow. 

For  the  laboratory  work  of  1902-3  the  writer  had  the  assistance  of 
Mr.  Henry  C.  Wolff,  and  the  work  of  1903-4  was  done  by  Mr.  Ray 
Owen  and  H.  L.  McDonald. 

EXPERIMENTS  IN   THE  HORIZONTAL  TANK. 

The  apparatus  used  in  the  first  experiments  consisted  of  a  horizontal 

wooden  tank  of  inside  dimensions  4  feet  6  inches  long,  4  feet  wide,  and 

8  inches  deep.     A  chamber  of  perforated  sheet  brass  3  inches  wide 

was  inserted  in  each  end  of  the  tank,  so  that  the  dimensions  of  the 

compartment  left  for  the  gravel  was  4  by  4  feet  in  horizontal  extent. 

The  area  4  by  4  feet  was  divided  into  squares  6  inches  on  a  side,  at  the 

comer  of  each  of  which  a  small  well  of  slotted  sheet  brass,  one-half 

^inch  in  diameter,  was  fixed  in  position.     A  larger  well,  2  inches  in 

diameter,  of  the  same  material  was  placed  in  position  as  shown  in  the 

plan,  fig.  7.     For  the  first  experiments  the  tank  was  filled  with  about 

7  inches  of  gravel,  which  we  have  designated  as  Picnic  Point  gravel. 

The  effective  size  of  this  gravel,  as  determined  by  King's  aspirators, 

was  0.93  mm.     Mechanical  analysis  of  the  Picnic  Point  gravels  will  be 

found  in  Table  VL 
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Table  VI. — Mechanical  analysis  by  standard  sieves  of  several  grareU  referred  to  in  Ihr 

(eji. 


Per  cent  of  total  weight  of  wind  iMy«ing' 


No.  of  screen-     ^j^^.trT^. 
meshes  to         "ration  of 


sieve. 


inch. 


screen  in 
mlllimetcrH. 


100 

0.18 

80 

.23 

60 

.32 

40 

.46 

30 

.70 

20 

.93 

16 

1.30 

14 

1.40 

12 

1.70 

10 

2.  04 

8 

2.48 

Held  bv  8 

' 

Picnic 

Point 

gravel. 


00.6 

1.0 

1.6 

4.2 

14.3 

25.6 

31.4 

36.8 

47.6 

54.  3 

67.  5 

32.  5 


Madison 
gldcial 
gravel. 


00.8 
1.4 
6.3 
38.6 
83.  "9 
98.1 
99.6 

100 

100 

100 

100 


Victorvil^® 
gravel. 


00.1 

0.2 

1.3 

4.7 

13.1 

27.8 

37.2 

46.3 

63.9 

71.0 

82.7 

17.3 


Table  VII. — Effect  of  formalin  in  preventing  cJ^ygging.  of  sand  filter. 


Duration  of  exiH'riment. 


First  experiment,  Dec.  §: 

First  10/4  hours 

Second  11/4  hours 

Second  experiment,  Dec  9: 

First  11/4  hours 

Second  il/4  hours 

Third  experiment,  Dec.  11: 

First  5/4  hours 

Second  5/4  hours 


Average 

flow  of 

water  per 

one-fourth 

hour. 


Incites. 

0.  230 

.227 

.188 
.185 

.170 
.174 


Flow  per 

unit 

head. 


5 


6 


Pound*. 
6.57  ' 

6.48 

I 

6.13 
6.01 

5.  75 

5.89 


28. 56 
28. 54 

30.96 
30.90 

29.22 
29.24 


Mean  hy-  Velo<'ity 

Tempera-i    draulic  of  wat^r 

tuye.     ]  gradient  per 

per  mile.  dieni. 


Feet. 
25.3 


FccL 
15.4 


20.5 


14.2 


18.9 


13. 


Note. — This  table  shows  the  influence  of  a  small  amount  of  formalin  in  preventing 
the  clogging  of  a  sand  filter  when  water  is  run  through  it  continuously.  Compare 
the  flow  per  unit  head  during  first  portion  of  each  experiment  with  the  flow-  during  the 
second  period,  as  given  in  column  4.  The  experimental  error  is  greater  than  the 
small  differences  in  these  numbers.  The  low  gradients  and  the  low^  velocities  used 
can  be  seen  in  columns  6  and  7. 

The  tank  of  gravel  wav^  securely  mounted  in  a  horizontal  position 
and  gages  of  glass  tubing  communicating  with  the  chambers  at  the 
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ends  of  the  tank  were  adjusted  to  show  the  level  of  water  at  each  end 
of  the  tank.  By  means  of  these  gages  it  was  easily  possible  to  measure 
the  height  of  the  water  in  the  end  compartments  within  one  two-hun- 
dredths  of  an  inch.  Water  was  permitted  to  flow  into  one  of  the  end 
compartments  from  galvanized  tubs  placed  on  a  platform  scale. 
From  the  tubs  the  water  passed  through  3  or  4  feet  of  rubber  tubing 
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Perforated  brass 
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Fig.  7.— Plan  of  the  horizontal  tank  used  in  the  determination  of  the  spread  of  an  electrolyte  when  flow- 
ing with  the  water  through  a  sand  or  gravel.  The  tank  was  4  feet  6 inches  long,  4  feet  wide,  and  8 
inches  deep.  Two  perforated  br&ss  screens  3  inches  from  each  end  left  a  compartment  for  gravel 
4  by  4  feet  in  area.  A  2-inch  well  of  perforated  brass  was  set  at  the  point  marked  W,  in  which 
the  electrolyte  was  placed.  The  small  circles  represent  the  location  of  the  test  wells,  from  which 
samples  of  water  could  be  taken  as  desired. 

to  a  conically  ground  needle  valve  operated  by  a  float  placed  in  the 
upper  compartment  or  chamber  of  the  tank.  It  was  found  possible  so 
to  adjust  this  valve  that  the  level  of  the  water  in  the  upper  compart- 
ment was  maintained  constant  during  an  experiment  extending  over 
i>everal  hours.    The  water  was  permitted  to  escape  f rorn  the  lower 
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compartment  in  the  tank  by  means  of  a  i-inch  pipe,  the  heig'ht  of  the 
overflow  being  adjustable. 

Table  VIII. — Data  obtained  during  experimejits  on  flow  ofvxxter  in  horizontal  tank. 


No. 

Date  of  ex 

pvriment, 

1902-8. 

1.... 

Dec.      8 

2.... 

Deo.      9 

3.... 

Dec.    11 

4.... 

Dec.    20 

5.... 

Jan.      3 

6.... 

Jan.      7 

Hydraulic 
gradient. 


Ft.  per 
mue. 

25.30 

20.50 

18.90 

18.  70 


Averagrc 

depth  of 

water. 


Inches. 
5.84 
5.83 
5.82 

5.88 


I  Velocity 

of  ground 

water. 


Ft.  in  U 
hrs. 


Velocity 

per  unit 

head. 


Ft.  in  U 
hrs.       i 


Tempera- 
ture of 
water. 


Salt  uwd  in  experiment. 


7.. 
8.. 
9.. 

10.. 

11.. 
12.. 
13.. 
14.. 

15.. 

16.. 
17.. 
18.. 


I  Jan. 

'  Jan. 

Jan. 


14 
17 
30 


Feb.  9 

Feb.  18 

Feb.  23 

Mar.  3 

Mar.  9 


17.60 

5.12 

21.45 

5.10 

22.00 

5.12 

18.54 

5.09 

18.92 

5.18 

19.03 

5.17 

21. 45 
42.35 
64.90 
64.24 


Mar.    16  ,    66.55 


May  4 
May  14 
Mav    23 


103.2 
105.  6 
107.8 


5.15 

5.28 
5.21 
5.21 


15.4 

0.61 

14.2 

.69 

13.7 

.63 

13.  2 

.70 

12.9 

.73 

12.1 

.56 

13.8 

.63 

9.3 

.50 

11.6 

.61 

11.25 

.59 

11  HA 

.^4 

14. 4     None  used. 
14.0  1  Do. 


21.70 
36.00 
35.5 


5.25       36.4 


6.68 
6.70 
6.69 


11.47 
11.60 
11.90 


.51 
.55 
.55 

.55 

.11 
.11 
.11 


14.0 
20.5 
20.0 
18.8 
17.8 
18.8 
17.8 

20.0 

18.8 
19.1 
20.1 


Do. 
Dry  NH,a. 

Do. 
Dry  NaOl. 
Con.  NH.OH. 

Do. 

Dry    T«o    NH^Ol. 
NaOH. 

Sol.  NH^Cl. 

Do. 

Do. 


1 


A. 


20.3  :  Sol.    j\    NH^Cl.    A 
NaOH. 


1 


21. 7     Dry    t%    NH^Cl. 
I      NaOH. 

22. 0     NH.CI. 

18. 2  i  /o  NH.Cl.  tV  NaOH. 

'  NaOH. 


Note. — In  experiments  1-15  "Picnic  Point  gravel"  was  used,  and  in  experimenU^ 
16,  17,  18  Madison  glacial  sand  was  used. 

The  water  used  in  the  experiment  was  obtained  from  Lake  Mendota, 
Madison,  Wis.,  and  before  use  wa«  freed  from  suspended  material  bv 
passing  through  a  filter  of  charcoal  and  sand.  Before  pasvsing  through 
the  gravel  in  the  tank,  one  part  in  500  of  40  per  cent  solution  of  forma- 
lin was  added  to  the  water  so  as  to  inhibit  the  growth  of  organisms. 
Previous  experimenters  on  the  flow  of  water  through  sands  and 
gravels  experienced  much  difficulty  on  account  of  the  progressive 
reduction  in  flow  of  water  through  the  sand  when  an  experiment 
extended  over  a  considerable  length  of  time.  No  means  had  been 
found  for  avoiding  this  difficulty;  even  the  use  of  distilled  water  was 
not  entirely  eflfective.  It  was  difficult  to  explain  this  phenomenon 
except  on  the  basis  of  the  growth  of  organisms  in  the  pores  of  the 
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Pig.  8. — Diagram  showing  the  manner  In  which  the  electrolyte  spread  In  passing  downstream  with 
the  ground  water,  in  experiment  4,  in  the  horizontal  tanlc.  The  dot  at  W  shows  the  location  oi 
the  salted  well,  and  samples  were  taken  from  the  sand  from  the  small  test  wells  represented  hy 
dots  in  the  diagram.  The  areas  of  the  circles  are  proportional  to  the  strength  of  the  electrolyte 
found  at  their  centers.  The  area  covered  by  the  charged  water  at  the  time  specified  is  shown  by  a 
roughly  sketched  outline.  The  velocity  of  the  ground  water  in  the  direction  of  the  arrows  was 
13.2  feet  for  twenty-four  hours.    Electrolyte  used  was  sal  ammoniac. 


Fio.  9.->Dlagram  showing  the  results  of  experiment  6.  Representation  of  wells  and  other  features  as 
in  fig.  8.  The  velocity  of  the  ground  Wftter  was  12.1  feet  for  twenty-four  hours.  The  electrolyte 
used  was  common  salt. 
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*^'"«      '      ni8&A.il.    j^N.l  7,  1 903     ijjiy'* 


WELL  SALTED  AT  8.30  A.M. 

NHi  OH 
•         •         •        •        •         ^^'■■«         •        •        •        •        • 


Fio.  10.— Diacrram  BhowinK  the  retiulLs  of  experiment  8.  Kepnfsciitation  of  wells  and  other  featar» 
as  in  fig.  8.  The  velocity  of  the  ground  water  was  9.3  feet  for  twenty-four  hours.  The  electrolyte 
UAed  was  concentrated  ammonia  water. 


12.00  M. 


JAN.30,  1  903 


r.OO  P.M. 


SJOO  P.M. 


WELL  SALTED  AT  11.00  A.M. 

KoNaOH   V;oNH4CI. 

6."00P.II. 


Pio.  11.— DiaKrain  showing  the  results  of  experiment  9.  Representation  of  wells  and  other  featurff> 
as  in  fig.  8.  The  velocity  of  the  ground  water  was  11.6  feet  for  twenty-four  t)0up.  Th^  flwtro- 
Ij^  used  was  one-tentft  caustic  soda  an<^  pine-tenths  sftl  ammoniac. 
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sand  used  in  the  experiments.  For  thia  reason  the  formalin  was  added 
to  the  water  in  the  hope  that  if  this  were  the  correct  explanation  the 
difficulty  would  vanish.  SevcTral  experiments  were  made  for  the 
especial  purpose  of  determining  the  effect  of  the  formalin  in  inhibit- 
ing the  organic  growth  in  the  filter.  Table  VII  gives  the  result  of 
three  such  experiments.  The  duration  of  each  experiment  was  divided 
into  two  nearly  equal  periods,  and  the  average  head  of  water  as  shown 
by  the  gages  and  the  avei-age  flow  of  water,  as  determined  by  weigh- 
ing both  the  water  admitted  to  the  tank  and  the  water  leaving  it  at  the 


6.30.  P.M. 


FEB.9,  1903 


4.30.P.M. 


WELL  SALTED  AT  2.30  P.M. 


J/,eNAOH  •/,oNH4  CI. 


8.30  P.M. 


Ol  o 


o     o     O      o 

oOO° 

o  O  O  o   o 

o  o  C3  o  o 
o  OOOo 

o    o   O    o    o 


O    : 


O     : 


y 


Pig.  12. — DiagiBin  showing  the  re«ult.H  of  experiment  10.    Representation  of  welLnand  other  fcaturen. 
as  in  flg.  8.    The  velocity  of  the  ground  water  was  11|  feet  for  twenty-four  hours.    The  electro- 
Ijrte  was  two-t«nth8  caustic  soda  and  eight  tenths  sal  ammoniac. 

lower  end,  were  determined  for  each  of  the  two  periods  into  which 
each  experiment  was  divided.  It  will  be  seen  by  consulting  column 
4  of  the  table  that  the  flow  of  water  per  unit  head  during  the  first 
portion  of  each  experiment  was  essentiall}'  identical  per  unit  head  to 
the  second  portion  of  each  experiment.  The  slight  differences  in  the 
numbers  is  much  smaller  than  the  unavoidable  experimental  error.  It 
was  concluded,  therefore,  that  the  progressive  clogging  of  a  sand 
filter  is  due  to  the  growth  of  organisms,  and  that  the  formalin  added 
constituted  an  effective  reraedv.     . 
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Altogether  18  experiments  were  carried  out  in  this  tank.  In  the 
first  15  tests  Picnic  Point  gravel  was  used  in  the  tank;  daring  the  last 
3  fine  glacial  sand  replaced  the  Picnic  Point  gravel.  The  glacial  sand 
had  effective  size  of  grain,  as  determined  by  King's  aspirator,  of 
0.40  mm.     A  mechanical  analysis  of  the  sand  is  given  in  Table  VI, 


WELL  SALTED  AT  2:00  P.M. 


I 


o  O 

5  P.M. 


6     P.M. 


a    o 


8  P.M. 


Fig.  13.— Diagram  showing  the  results  of  experiment  11.  Representation  of  wells  and  other  features 
as  in  fig.  8.  The  velocity  of  the  ground  water  was  11.7  feet  for  twenty-four  houis.  The  electro- 
lyte wa.s  Hal  ammoniac  in  concentrated  solution. 

(p.  30),  and  a  summary  of  the  data  obtained  during  the  experiments 
is  placed  in  Table  VIII. 

No  difficulty  was  experienced  in  maintaining  very  low  gi^adients  to 
the  water  plane  in  the  tank,  a  slope  of  water  of  18  feet  to  the  mile 
being  easily  brought  about  by  proper  adjustment  in  the  apparatuh^. 
Xn  this  wav  actual  field  conditions  of  the  flow  of  water  were  very 
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c'lortely  approximated,  and  velocities  less  than  10  feet  a  day  could  he 
maintained  by  the  use  of  the  low  gmdiente.  The  large  well  marked  W 
was  designed  to  receive  various  electrolytes  while  the  water  was  mov- 
inf^  through  the  gravel  under  the  selected  uniform  head.  The  small 
one-half  inch  wells  placed  at  the  corners  of  the  6  inch  squares  were 
designed  to  serve  as  test  wells  from  which  samples  of  the  water  could 
be  taken  at  stated  intervals,  and  the  exact  area  spread  over  by  the 
electrolyte  could  be  ascertained  by  chemical  analyses.  A  series  of 
pipettes  were  coupled  together  in  such  a  way  as  to  permit  the  taking 
of  a  sample  from  each  row  of  test  wells  at  the  same  time.     By  the  use 


0:16  A.M. 


10:15  A.M. 


11:15  A.M. 


WELL  SALTED  AT  8:45  A.M. 


Pig.  14.— Dia«7am  §howiiig  the  resalte  of  experiment  12.  Representation  of  wells  and  other  features 
as  in  fig.  8.  The  velocity  of  the  ground  water  was  21.7  feet  for  twenty-four  hours.  The  electro- 
lyte was  sal  ammoniac  In  concentrated  solution. 

of  this  device  a  complete  set  of  samples  could  be  taken  from  all  the 
test  wells  in  the  tank  in  a  very  few  minutes. 

The  results  of  the  experiments  are  best  shown  by  the  series  of  dia- 
grams figs.  8  to  20,  in  which  the  strength  of  the  electrolyte  found  at 
each  test  well  is  shown  by  a  circle  of  appropriate  size. 

Among  the  various  electrolytes  tested  were  ammonium  chloride  (sal 
ammoniac*)?  sodium  chloride  (common  salt),  concentrated'  ammonia 
water,  and  mixtures  of  ammonium  chloride  and  caustic  soda,  or  lye. 
One  of  the  most  remarkable  conclusions  from  the  experiments  was  that 
diffusion  plays  but  a  very  small  part  in  the  spread  of  the  electrolyte 
through  the  ground  water.     In  none  of  the  experiments  was  it  found 
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7.30  P.M. 


MARCH  3 


WELL  SALTED  AT 


8.30  P.M.  NH4  CI. 


O 


,  1903 


Fig.  15. — Diagram  showing  the  renults  of  experiment  13.  Representation  of  wells  and  other  features 
a.s  in  fig.  8.  The  vekxiity  of  the  ground  water  wa.s  3fi  feet  for  twentj'-four  liours.  The  electrolyte 
was  sal  ammoniac  in  concentrated  solution.  Note  the  narrow  stream  of  electrolyte  due  to  the  hi^h 
velocity. 


7.00  P.M. 


MARCH  9,  1903 


7.30  P.M. 


800  P.  M 


8.30  P.M. 


g.00.P.M. 


WELL  SALTED  AT  6.30  P.M. 


'/loNaOH     »/,oNH4  CI. 


Fio.  ifi. — Diagrrtin  ."^howiiif^  tht»  resnlt,«4  of  I'xperiraent  1  i.  Reprt»scntation  of  wells  and  other  ft-'aturc*-' 
n»  in  fig.  8.  The  velocity  of  tlie  ground  water  whs  35i  feet  for  twenty-four  hours.  The  electrolyte 
wo-H  one- tenth  caustic  soda  and  niue-tenth.s  sal  ammoniac  in  solutitm. 
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MARCH  16,  1903 


6.00  P.M. 


•         •         • 


WELL  SALTED  AT  5.30  P.M 


V'oNH4  CI.    VioNaOH 


7.00P.li. 


Fig.  17. — Diagram  showing  the  results  cif  experiment  15.    Representation  of  wells  and  other  featares 


6.30  P.  y. 


8.00,  P.M 


.00|l 


aK  in  fig.  8.    The  velocity  of  the  ground  water  was  30 


4  feet  for  twenty-four  hours.    The  electrolyte 


was  one-tenth  caustic  soda  and  nine-tenthK  sal  ammoniac  In  dry  crystals. 


Fig.  18. — ^Diagram  showing  the  reMults  of  expiTimeiit  16.  Repn^sentation  of  wells  and  other  featares 
Bst  in  flg.  8.  The  velocity  of  the  ground  water  was  n..'»  feet  for  twenty- four  hours.  The  electrolyte 
was  sal  ammoniac. 
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Pig.  19.—: 
as  in  Ak 
was  one 


Diagram  showing  the  results  of  experiment  17.  Representation  of  wells  and  other  features 
8.  The  velocity  of  the  ground  water  was  11.6  feet  for  twenty-four  hours.  The  electrolyte 
tenth  caustic  soda  and  nine-tenths  sal  ammoniac. 


1.00P.M. 


MAY  23,  1  903         ^''^^'^' 


WELL 


4.00.P.M. 


SALTED  AT  12.00M. 


NftOH 


Fig.  20.— Diagram  showing  the  results  of  experiment  18.    Representation  of  wells  and  other  features 


as  in  fig.  8.    The  velocity  of  the  ground  water  was  11.9  feet  for  twenty-four  hours 
was  caiLstic  soda. 


The  electrolyte 


S<I.1C 
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th         ^^  ^*'®<'trolyte  extended  more  than  about  3  inches  upstream  from 

,  ^^^  Well  W.     This  fact  can  he  seen  })y  consulting  the  series  of 

'V^ttiQs  illustrating  the  distribution  of  electrolyte.     In  general,  it 

that  the  electrolyte  moves  downstream  in  a  pear-shaped 

vidth  of   the  stream  varying  somewhat  with  the  nature 

olyte  used.     The  high  velocities  always  gave  a  stream 

which  was  quite  narrow  and  the  low  velocities  gave 

ais.     The  solution  of  concentrated  ammonia  water  gave 

-  stream.     This  was  probably  due  not  so  much  to  the  dif- 

^e  ammonia  gas  in  the  water  as  to  the  low  coefficient  of 

'  the  ammonia  water.     Experiments  in  the  field  had  indi- 

^he  mixture  of  sal  ammoniac  and  caustic  soda  would  spread 

^^r  stream  than  sal  ammoniac  alone.     By  comparing  the 

experiments  14  and  15  with  that  of  experiment  13,  it  will 

f    V  ^^^*  ^^^^^  assumption  could  not  be  verified  to  any  considerable 

...      *       'I  *  similar  wa\%  experiments  9  and  10  may  be  compared 

^^^P^iojent  8,  and  experiments  17  and  18  may  be  compared  with 

'lusively  shown  by  these  experiments,  as  has  been 
i-23),  that  the  diffusion  of  the  dissolved  salt  plays 
the  way  in  which  the  electrolyte  is  distribfited  in 
3f  ground  water,  but,  as  already  stated,  that  the 
ter  in  each  capillary  pore  of  the  soil  moves  faster 
itact  with  the  walls  of  the  capillary  pore.  Like- 
he  electrolyte,  as  shown  by  these  experiments,  is 
)y  the  diffusion  of  the  salt,  but  must  be  explained 
'anching  and  subdivision  of  the  capillary  pores 
il  grains  of  the  sand.  The  stream  of  electrolyte 
well  W  will  gradually  broaden  as  it  passes  down- 
i  thread  of  it  must  divide  and  divide  again  and 
h  each  succeeding  grain  of  soil.  If  diffusion  had 
rate  of  spread,  it  would  also  make  itself  apparent 
am  motion  to  the  electrolyte  against  the  current 
Is  before  stated,  in  no  case  did  the  electrolyte 
)stream  a  distance  as  great  as  3  inches. 

*>--^  -^IMENTS  IN  THE  VERTICAL  TANK. 

TYie  exTieTit^^^^  carried  on  in  the  winter  of  1903-4  had  as  their 

object   \     fti\d'^^^^^  ^^  those  of  the  previous  year,  the  determination  of 

the  \ft.^       f  distribution  of  the  electrolyte  in  a  vertical  plane.     For  this 

Twimrk  f  P^  ^^  constructed  of  wood,  as  shown  in  fig.  21  and  PI. 

Vni  'vu  in^^^®  dimensions  of  this  tank  were  4  feet  high,  4  feet  6 
,  "  gfld  8  inches  wide.     At  each  end  of  the  tank  chambers  3 

1  .j^'  were  constructed  of  perforated  brass,  similar  to  those 

inches  wid® 
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4.0QP.M 


o 


\J 


10.00.P.U. 


MAY.U,  1903 


._.0. 


WELL  SALTED  AT  3.00  P.M. 


V      VioNH4CI.>!eNaOH 


Fio.  19. — Diagram  showing  the  results  of  experiment  17.    Representation  of  wells  and  other  features 
as  in  fig. 
was  one- 


8.    The  velocity  of  the  ground  water  wa.s  1 1.6  feet  for  twenty-four  houn>.    The  t' 
tenth  cau8tic  soda  and  nine-tenths  nhI  ammoniac. 


1.00P.U. 


MAY  23,  1  903         ^'^^'^' 


WELL 


4.00.P.M. 


SALTED  AT  12.00M. 


NaOH 


^.OO.P.M. 


Fio.  20.— Diagram  showing  the  results  of  experiment  18.    Representation  of  wells  and  other  features 


as  in  lig.  K.    The  veUx'ity  of  the  ground  water  was  11.9  feet  for  twenty-four  hours. 
waA  cHUHtlc  soda. 


lectrolytf 


The  electrolyte 
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that  the  electrolyte  extended  more  than  al)out  3  inches  upstream  from 
the  large  well  W.  This  fact  can  l>e  seen  })y  consulting  the  series  of 
diagrams  illustrating  the  distribution  of  electrolyte?.  In  general,  it 
can  be  seen  that  the  electrolyte  moves  downstream  in  a  pear-shaped 
mass,  the  width  of  the  stream  varj^ing  somewhat  with  the  nature 
of  the  electrolyte  used.  The  high  velocities  always  gave  a  stream 
of  electrolyte  which  was  quite  narrow  and  the  low  velocities  gave 
broader  streams.  The  solution  of  concentrated  ammonia  water  gave 
the  broadest  stream.  This  was  probably  due  not  so  much  to  the  dif- 
fusion of  the  ammonia  gas  in  the  water  as  to  the  low  coefficient  of 
viscosit}'  of  the  ammonia  water.  Experiments  in  the  field  had  indi- 
cated that  the  mixture  of  sal  ammoniac  and  caustic  soda  would  spread 
in  a  broader  stream  than  sal  ammoniac  alone.  By  comparing  the 
results  of  experiments  14  and  15  with  that  of  experiment  13,  it  will 
be  seen  that  this  assumption  could  not  be  verified  to  any  considerable 
extent.  In  a  similar  way,  experiments  9  and  10  may  be  compared 
with  experiment  8,  and  experiments  17  and  18  may  be  compared  with 
experiment  16. 

It  seems  to  be  conclusively  shown  }>y  these  experiments,  as  has  been 
already  stated  (pp.  22-23),  that  the  ditf  usion  of  the  dissolved  salt  plays 
a  very  small  part  in  the  way  in  which  the  electrolyte  is  distribdted  in 
thp  moving  current  of  ground  water,  but,  as  already  stated,  that  the 
central  thread  of  water  in  each  capillary  pore  of  the  soil  moves  faster 
than  the  water  in  contact  with  the  walls  of  the  capillary  pore.  Like- 
wise the  spread  of  the  electrolyte,  as  shown  by  these  experiments,  is 
not  to  be  explained  by  the  diffusion  of  the  salt,  but  must  be  explained 
by  the  continued  branching  and  subdivision  of  the  capillary  pores 
around  the  individual  grains  of  the  sand.  The  stream  of  electrolyte 
issuing  from  the  salt  well  W  will  gradually  broaden  as  it  passes  down- 
stream, because  each  thread  of  it  must  divide  and  divide  again  and 
again  as  it  meets  with  each  succeeding  grain  of  soil.  If  diffusion  had 
much  to  do  with  its  rate  of  spread,  it  would  also  make  itself  apparent 
by  causing  an  upstream  motion  to  the  electrolyte  against  the  current 
of  ground  water.  As  before  stated,  in  no  case  did  the  electrolyte 
succeed  in  moving  upstream  a  distance  as  great  as  3  inches. 

EX1*ER1MENT8  IN   THE  VERTICAL  TANK. 

The  experiments  carried  on  in  the  winter  of  1903— t  had  as  their 
object,  in  addition  to  those  of  the  previous  year,  the  determination  of 
the  law  of  distribution  of  the  electrolyte  in  a  vertical  plane.  For  this 
purpose  a  tank  was  constructed  of  wood,  as  shown  in  fig.  21  and  PI. 
VIII.  The  inside  dimensions  of  this  tank  were  4  feet  high,  4  feet  6 
inches  long,  and  8  inches  wide.  At  each  end  of  the  tank  chambers  3 
inches  wide  were  constructed  of  perforated  brass,  similar  to  those 
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Pig.  19.— 
as  in  fig 
was  one 


Diagram  showing  the  results  of  experiment  17.  Representation  of  wells  and  other  featnrps 
8.  The  velocity  of  the  ground  water  wa-s  1 1.6  feet  for  twenty-four  hours.  The  electiolyte 
tenth  caustic  soda  and  nine-tenths  sal  ammoiiiac. 


1.00P.M. 


MAY  23,  1  903  I 


WELL 


4.00.P.II. 


SALTED  AT  12.00M. 


NaOH 


^.OOJP.M. 


•         • 


FiQ.  20. — Diagram  showing  the  result*^  of  experiment  18.    Representation  of  wells  and  other  features 


as  in  fig.  H.    The  vel(xrity  of  the  ground  water  was  11.9  feet  for  twenty-four  houni, 
was  caustic  soda. 


The  electrolyte 
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that  the  olectrolyte  extended  more  than  al>out  3  inches  upstream  from 
the  large  well  W.  This  fact  can  be  seen  l)y  consulting  the  series  of 
diagrams  illustrating  the  distriliution  of  electrolyte  In  general,  it 
can  be  seen  that  the  electrolyte  moves  downstream  in  a  pear-shaped 
mass,  the  width  of  the  stream  varying  somewhat  with  the  nature 
of  the  electrolyte  used.  The  high  velocities  always  gave  a  stream 
of  electrolyte  which  was  quite  narrow  and  the  low  velocities  gave 
broader  streams.  The  solution  of  concentnited  ammonia  water  gave 
the  broadest  stream.  This  was  probably  due  not  so  much  to  the  dif- 
fusion of  the  ammonia  gas  in  the  water  as  to  the  low  coefficient  of 
viscosity  of  the  ammonia  water.  Experiments  in  the  field  had  indi- 
cated that  the  mixture  of  sal  ammoniac  and  caustic  soda  would  spread 
in  a  broader  stream  than  sal  ammoniac  alone.  By  comparing  the 
results  of  experiments  14  and  15  with  that  of  experiment  13,  it  will 
be  seen  that  this  assumption  could  not  be  verified  to  any  considerable 
extent.  In  a  similar  way,  experiments  9  and  10  may  be  compared 
with  experiment  8,  and  experiments  17  and  18  may  be  compared  with 
experiment  16. 

It  seems  to  be  conclusively  shown  by  these  experiments,  as  has  been 
already  stated  (pp.  22-23),  that  the  diffusion  of  the  dissolved  sjilt  plays 
a  very  small  part  in  the  way  in  which  the  electrol3'te  is  distribtited  in 
thp  moving  current  of  ground  water,  but,  as  already  stated,  that  the 
central  thread  of  water  in  each  capillary  pore  of  the  soil  moves  faster 
than  the  water  in  contact  with  the  walls  of  the  capillary  pore.  Like- 
wise the  spread  of  the  electrolyte,  as  shown  b}'-  these  experiments,  is 
not  to  be  explained  by  the  diffusion  of  the  salt,  but  must  be  explained 
bjj^  the  continued  branching  and  subdivision  of  the  capillary  pores 
around  the  individual  grains  of  the  sand.  The  stream  of  electrolyte 
issuing  from  the  salt  well  W  will  gradually  broaden  as  it  passes  down- 
stream, because  each  thread  of  it  must  divide  and  divide  again  and 
again  as  it  meets  with  each  succeeding  grain  of  soil.  If  diffusion  had 
much  to  do  with  its  rate  of  spread,  it  would  also  make  itself  apparent 
by  causing  an  upstream  motion  to  the  electrolyte  against  the  current 
of  ground  water.  As  before  stated,  in  no  case  did  the  electrolyte 
succeed  in  moving  upstream  a  distance  as  great  as  3  inches. 

EXPERIMENTS  IN   THE  VERTICAL  TANK. 

The  experiments  carried  on  in  the  winter  of  1903-4  had  aj9  their 
object,  in  addition  to  those  of  the  previous  year,  the  determination  of 
the  law  of  distribution  of  the  electrol^^te  in  a  vertical  plane.  For  this 
purpose  a  tank  was  constructed  of  wood,  as  shown  in  fig.  21  and  PI. 
VIII.  The  inside  dimensions  of  this  tank  were  4  feet  high,  4  feet  6 
inches  long,  and  8  inches  wide.  At  each  end  of  the  tank  chambers  3 
inches  wide  were  constructed  of  perforated  brass,  similar  to  those 
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Fig.  19. — Diagram  showing  the  results  of  experiment  17.  Representation  of  wells  and  other  features 
as  in  fig.  8.  The  velocity  of  the  ground  water  wa«  1 1.6  feet  for  twenty-four  hours.  The  electrolyte 
was  one- tenth  caustic  soda  and  nine- tenths  sal  ammoniac. 
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FiQ.  20.— Diagram  showing  the  results  of  experiment  18.    Representation  of  wells  and  other  features 


ocity  of  the  ground  water  was  11 


9  feet  for  twenty- four  hours.    The  electrolyte 
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that  the  olectrolyte  extended  more  than  al>out  3  inches  upstream  from 
the  large  well  W.  This  fact  can  be  seen  !)y  consulting  the  series  of 
diagrams  illustrating  the  distribution  of  electrolyte?.  In  general,  it 
can  be  seen  that  the  electrolyte  moves  downstream  in  a  pear-shaped 
mass,  the  width  of  the  stream  varying  somewhat  with  the  nature 
of  the  electrolyte  used.  The  high  velocities  always  gave  a  stream 
of  electrolyte  which  was  quite  narrow  and  the  low  velocities  gave 
broader  streams.  The  solution  of  concentmted  ammonia  water  gave 
the  broadest  stream.  This  was  probably  due  not  so  much  to  the  dif- 
fusion of  the  ammonia  gas  in  the  water  as  to  the  low  coefficient  of 
viscosit}-  of  the  ammonia  water.  Experiments  in  the  field  had  indi- 
cated that  the  mixture  of  sal  ammoniac  and  caustic  soda  would  spread 
in  a  broader  stream  than  sal  ammoniac  alone.  By  comparing  the 
results  of  experiments  14  and  15  with  that  of  experiment  13,  it  will 
be  seen  that  this  assumption  could  not  be  verified  to  any  considerable 
extent.  In  a  similar  way,  experiments  9  and  10  may  be  compared 
with  experiment  8,  and  experiments  17  and  18  ma}'  be  compared  with 
experiment  16. 

It  seems  to  be  conclusively  shown  by  these  experiments,  as  has  been 
already  stated  (pp.  22-23),  that  the  diffusion  of  the  dissolved  sjilt  plays 
a  very  small  part  in  the  way  in  which  the  elcctrol^^te  is  distriWited  in 
thp  moving  current  of  ground  water,  but,  as  already  stated,  that  the 
central  thread  of  water  in  each  capillary  pore  of  the  soil  moves  faster 
than  the  water  in  contact  with  tlie  walls  of  the  capillary  pore.  Like- 
wise the  spread  of  the  electrolyte,  as  shown  b}^  these  experiments,  is 
not  to  be  explained  by  the  diffusion  of  the  salt,  but  must  be  explained 
by  the  continued  branching  and  subdivision  of  the  capillary  pores 
around  the  individual  grains  of  the  sand.  The  stream  of  electrolyte 
issuing  from  the  salt  well  W  will  gradually  broaden  as  it  passes  down- 
stream, because  each  thread  of  it  must  divide  and  divide  again  and 
again  as  it  meets  with  each  succeeding  grain  of  soil.  If  diffusion  had 
much  to  do  with  its  rate  of  spread,  it  would  also  make  itself  apparent 
by  causing  an  upstream  motion  to  the  electrolyte  against  the  current 
of  ground  water.  As  before  stated,  in  no  case  did  the  electrolyte 
succeed  in  moving  upstream  a  distance  as  great  as  3  inches. 

EXPERIMENTS  IN   THE  VERTICAL  TANK. 

The  experiments  carried  on  in  the  winter  of  1903-4  had  as  their 
object,  in  addition  to  those  of  the  previous  year,  the  determination  of 
the  law  of  distribution  of  the  electrolyte  in  a  vertical  plane.  For  this 
purpose  a  tank  was  constructed  of  wood,  as  shown  in  fig.  21  and  PI. 
VIII.  The  inside  dimensions  of  this  tank  were  4  feet  high,  4  feet  6 
inches  long,  and  8  inches  wide.  At  each  end  of  the  tank  chambers  3 
inches  wide  were  constructed  of  perforated  brass,  similar  to  those 
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period  after  the  beginning  of  the  experiment.     A  single  dose  of  2 
ounces  of  sal  ammoniac  was  introduced  into  the  well  W  at  11.40  a.  m.. 
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Fig.  23.~DIagram  showing  resultii  of  vcrtical-taDk  experiment  1,  Febraary  '22,  IMM.  Well  W  was 
salted  at  11.40  a.  m.  with  sal  ammoniac;  velocity  of  the  ground  water  was  17.06  feet  a  day:  head,  li 
inches.    The  contours  show  the  distribution  of  salt  at  12.40  p.  m. 

on  February  22,  1904.     As  will  be  observed  by  consulting  the  dia- 
grams, the  dissolved  salt  entered  the  ground  water  and  passed  to  the 


Fig.  24.— Diagram  showing  retiults  of  venical-taiilc  ex[>eriment  1.  February  22,1904.  Well  W  was 
salted  at  11.40  a.  m.  with  sal  ammoniac,  velocity  of  the  ground  water  was  17.06  feet  a  day;  head.  U 
Inches.    The  contours  show  the  distribution  of  salt  at  1.40  p.  m 

right  with  the  moving  stream,  at  the  same  time  moving  slightly  down- 
ward, as  shown  by  the  contour  curves.     The  velocity  of  water  through 
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the  gravel  during  this  experiment  was  about  17  feet  for  twenty-four 
hours.     The  elliptical  outline  of  the  contour  curves  is  due  to  the  two 
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Fig.  25.~I>iagTam  showing  results  of  vertical-tank  experiment  1,  February  22,  1904.  Well  W  was 
salted  at  11.40  a.  m.  with  sal  ammoniac;  velocity  of  the  ground  water  was  17.06  feet  a  day;  head, 
U  inches.    The  contours  show  the  distribution  of  salt  at  2.40  p.  m. 

components  of  motion,  one  cbraponent  being  the  velocity  of  ground 
water  to  the  right,  and  the  other  being  the  downward  motion,  due  to 


Fig.  26.~DlagTam  showing  results  of  vertical-tank  experiment  1,  February  22,  1904.  Well  W  was 
salted  at  11.40  a.m.  wltn  sai  ammoniac;  velocity  of  the  ground  water  was  17.06  ieet  a  day;  head, 
14  Inches.    The  contours  show  the  distribution  of  salt  at  3.40  p.  m. 

the  high  density  of  the  solution  of  sal  ammoniac.     It  will  be  noticed 
that  the  elliptical  cQotour  lines  hftve  their  longest  dimension  sloping 
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downward  to  the  right,  as  they  should  if  they  represent  the  resultant 
of  these  two  motions.     It  should  also  be  noted  (consult  the  diagrams) 


Fig.  27.— Diagram  showing  results  of  vertical-tank  experiment  1,  February  22,  1904.  Well  W  was 
salted  at  11.40  a.  m.  with  sal  ammoniac;  velocity  of  the  ground  water  was  17.06  feet  a  day;  head, 
Ik  inches.  The  contours  show  the  distribution  of  the  salt  at  4.40  p.  m.  A  second  dose  of  aalt  was 
placed  in  well  W  at  4  p.  m.,  and  the  diagram  represet^  the  two  masses  of  electrolyte  pasring  for- 
ward with  the  ground  water. 


Fig.  28.— Diagram  showing  results  of  vertical-tank  experiment  2,  March  2, 1904.  Well  W  was  salted 
at  2.25  p.  m.  The  velocity  of  ground  water  was  11.42  feet  a  day;  bead,  1  inch.  The  salt  used  was 
sal  ammoniac.    Contours  show  the  distribution  of  salt  at  2.65  p.  m. 

that  after  an  interval  of  an  hour  nearly  all  of  the  electrolyte  had  left 
well  W,  and  the  water  ip  the  well  had  begorae  fresh  again,     At  4  p.  m. 
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an  additional  dose  of  sal  ammoniac  was  placed  in  well  W,  the  effect  of 
which  is  clearly  shown  in  the  contour  curves  for  4.40  p.  ra.  Here 
two  inpsses  of  dissolved  electrolytes  can  be  observed  traveling  simul- 
taneously through  the  sand.  It  should  also  be  noted  in  these  diagrams 
that  the  electrolyte  does  not  pass  upstream,  or  against  the  current  of 
ground  water  more  than  1  or  2  inches. 

Two  seta  of  contour  curves  are  also  given  for  the  second  experiment, 
that  of  March  2,  1904,  in  which  the  same  electrolyte  was  used,  but  the 
velocity  of  the  ground  water  wasreduced  to  11.42  feet  for  twenty-four 
hours.  The  well  W  was  salted  at  2.25  p.  m.,  contours  being  given  for 
2.25  and  7.25  p.  m.  It  will  be  observed  that  for  the  lower  velocit}^  of 
ground  water  the  electrolyte  sinks  to  a  greater  depth  than  in  the  case 


Fig.  29.— Diagram  showing  results  of  vertical-tank  experiment  2,  March  2. 1904.  Well  W  was  salted 
at  2.25  p.  m.  The  velocity  of  ground  water  was  11.42  feet  a  day;  head,  1  Inch.  The  salt  used  was 
sal  ammoniac.  The  contours  show  the  distribution  of  salt  at  7.25  p.  m.  A  comparison  of  figs.  28 
and  29  with  22  to  27  shows  the  larger  vertical  motion  of  the  electrolyte,  in  the  case  of  the  lower 
velocity  of  experiment  2,  as  compared  with  the  higher  velocity  prevailing  during  experiment  1. 

of  the  higher  velocities  of  the  first  experiment.  Experiments  were 
also  carried  out  with  common  lye  as  electrolyte.  This  salt  is  very 
much  heavier  than  sal  ammoniac,  and  it  was  noted  that  it  sank  much 
faster  than  the  solution  of  sal  ammoniac  for  similar  velocities  of 
ground  water. 

One  of  the  most  interesting  experiments  with  the  vertical  tank  was 
made  for  the  purpose  of  determining  the  amount  of  diffusion  of  the 
electrolyte.  For  this  purpose  the  electrolyte  was  introduced  into  the 
well  W  and  the  ground  water  was  permitted  to  remain  stationary,  no 
water  being  run  into  or  out  of  the  tank  during  the  eight  hours  covered 
by  tb§  experiment.    The  well  W  is  placed  exactly  midway  between 
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columns  0  and  1  of  the  small  test  wells,  as  can  be  seen  from  the  dia- 
gram. For  the  purpose  of  the  '*  still"  experiment  the  uppermost  test 
well  of  column  2  was  removed  and  well  W  was  placed  directly  over 
column  2.  A  charge  of  salt  was  introduced  into  the  well  W  at  9  a.  m., 
and  samples  were  taken  at  the  end  of  one-half  hour  and  at  the  end  of 
each  hour  thereafter  until  6  p.  m.  The  salt  was  found  to  drop  verti- 
cally with  a  rapidity  equal  to  the  vertical  component  of  motion  noted 
in  the  experiments  in  which  flow  took  place.  In  the  eight  hours  of 
the  test  no  p)ortion  of  the  charge  could  be  detected  in  the  test  wells  of 
columns  1  or  3.     This  experiment  showed  that  the  electrolyte  had  not 
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DISCHARGE    IN    CUBIC    FEET    PER    MINUTE 

Fig.  30.— Diagram  ill u.st rating  the  variation  in  the  rate  of  flow  of  ground  water  with  the  variatioa  in 
head  or  hydraulic  gradient,  a«  olx«*i»rved  in  the  experiment^}  in  the  vertical  tank.  The  figures 
attached  to  the  small  circles  in  the  diagram  designate  the  temperature,  Fahrenheit,  of  the  ground 
water  during  the  cxperiraeiit.  The  straight  line  represents  the  theoretical  law  of  flow  if  the  rate 
of  flow  varies  directly  as  the  head. 

diffused  sufficiently  to  reach  the  wells  of  columns  1  and  3,  while  drop- 
ping a  vertical  distance  of  about  3  feet. 

The  law  of  direct  variation  of  the  flow  of  ground  waters  with  the 
head  under  which  the  flow  takes  place  are  verified  b}-  the  experiment*; 
in  the  tank.  The  results  are  represented  graphically  in  fig.  30.  Exact 
agreement  with  this  law  would  require  all  of  the  plotted  points  in  this 
diagram  to  lie  upon  the  straight  line,  provided  the  temperatures  were 
the  same.  The  larger  departures  from  the  straight  line  are  not  due  to 
temperature  differences,  but  to  the  high  viscosity  of  the. lye  solutions 
used  in  those  particular  experiments* 
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INVESTIGATION    OF     THE     ACCURACY     OP     THE     ELECTRIC     METHOD     OF 
DETERMINING  THE  TELOCITY   OF  THE   FLOW   OF   GROUND  WATERS. 

The  vertical  tank  oflfered  a  ready  means  of  checking  the  accuracy  of 
the  method  of  measuring  the  velocity  of  ground  waters  with  the 
electric  underflow  meter.  For  this  purpose  the  chambers  of  per- 
forated brass  at  the  upper  and  lower  ends  of  the  tank  served  as  the 
upstream  and  downstream  wells,  respectively,  and  an  electrode  was 
sunk  in  the  sand  2  inches  from  the  lower  partition,  which  answered 
the  purpose  of  the  electrode  usually  placed  inside  the  downstream  well. 
The  apparatus  was  then  connected  in  accordance  with  the  method  used 
in  actual  field  work.  A  solution  of  sal  ammoniac  was  placed  in  the 
upper  chamber.  The  water  running  through  the  tank  was  weighed 
l^efore  it  entered  and  after  it  left  the  apparatus,  and  observations 
were  made  of  the  electric  current  every  fifteen  minutes  and  sometimes 
oftener.  Two  experiments  were  made,  one  with  a  head  of  water  of 
2.68  inches  and  one  with  a  head  of  6.75  inches.  From  the  weight  of 
water  discharged  the  computed  velocity  during  the  former  was  23.15 
feet  a  day,  and  during  the  latter  the  velocity  was  58  feet  a  day. 
From  the  points  of  inflection  of  the  two  electrode  curves  the  velocities 
were  computed  to  be,  respectively,  23.25  and  64.10  feet  a  day.  This 
shows  agreement  in  the  case  of  the  lower  velocity  within  a  very  small 
fraction  of  1  per  cent,  and  in  the  case  of  the  higher  velocity  within 
lOi  per  cent  of  the  actual  rates.  These  results  show  that  the  electric 
method  is  sufficiently  accurate  for  the  purposes  for  which  it  is  intended. 
It  is  very  likely  that  if  the  tank  in  which  these  experiments  were 
carried  out  had  been  wider  the  percentage  agreement  for  the  high 
velocity  would  be  even  closer  than  10  per  cent,  for  if:  must  be  remem- 
bered that  the  narrowness  of  the  tank  tended  to  bring  the  concentrated 
portion  of  the  stream  of  electrolyte  to  a  given  downstream  point  more 
i*apidly  than  if  the  tank  had  been  wide  enough  to  permit  the  electro- 
lyte to  spread  in  its  natural  way. 
IRR140— 05 4 


CHAPTER  IV. 

MEASUREMENTS  OF  THE  UNDERFI.OW  AT  THE  :N^ABR0M  S 
OF  THE  RIO  HONDO  AND  SAN  GABRIEL.  RIVER,  CAIA- 
FORNIA. 

The  following  underflow  measurements  were  made  during  the  sum- 
mer of  1902  at  the  narrows  of  the  Rio  Hondo  and  the  San  Gabriel 
River,  about  10  miles  east  of  Los  Angeles,  Cal.  The  ultimate  source 
of  the  streams  referred  to  is  found  in  the  San  Gabriel  Mountains,  a 
range  which  inns  nearly  east  and  west  about  40  or  50  miles  from  the 
southern  coast  line  of  California.  The  main  portion  of  the  mountain 
drainage  which  supplies  this  particular  stream  is  collected  into  one  of 
the  large  canyons  of  the  range,  known  as  the  San  Gabriel  Canyon. 
Like  that  of  other  streams  that  originate  in  these  mountains,  the 
water  is  not  carried  above  ground  much  farther  than  the  mouth  of 
the  canyon,  except  in  times  of  extreme  flood.  The  ordinary  flow  of 
the  river  sinks  into  an  enormous  alluvial  delta  cone  of  gravel  and 
mountain'  debris,  and  passes  underground  in  a  broad,  gently  sloping 
valley  until  it  is  interrupted  by  a  line  of  shale  hills  about  10  mile?* 
south  of  the  mountain  range.  This  line  of  hills  acts  as  a  dam  to  the 
underground  waters,  except  for  a  break  about  2  miles  in  width,  where 
the  drainage  of  the  valleys  escapes  to  the  sea.  This  break  constituties 
the  so-called  ''Narrows"  of  the  river.  In  consequence  of  the  narrow 
outlet  a  large  quantity  of  the  ground  water  is  brought  to  the  surface, 
first  showing  itself  about  2  miles  above  the  narrows,  and  increasing  in 
volume  as  it  enters  the  contracted  part  of  the  pass.  At  the  present 
time  the  surface  waters  appear  as  two  distinct  streams,  the  Rio  Hondo 
on  the  west  side  and  the  San  Gabriel  River  on  the  east  side  of  the 
narrows. 

In  August,  1900,  the  flow  of  the  Hondo  at  Old  Mission  bridge  was 
23  second-feet.  The  flow  of  the  San  (Jabriel  was  somewhat  lai-ger. 
The  Whitney  electrolytic  bridge  indicates  that  the  ground  water  and 
surface  waters  arc  substantially  identical  in  character,  containing  15  to 
25  parts  per  100,000  total  solids. 

The  measurements  of  the  rate  of  underflow  were  made  by  the  elec- 
trical method  as  previously  described  in  this  paper.  At  the  time  of 
making  these  measurements  the  recording  instruments  had  not  been 
perfected  for  field  use,  so  that  all  of  the  work  was  done  with  the  hand 

apparatus.     The  test  wells  used  were  2-inch  drive  wells,  with  42-inch 
50 
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points  and  48-inch  well-point  extenision.s.  The  wells  were  arranged 
as  usual,  one  upstream,  designed  to  receive  the  electrolyte,  and  the 
others  downstream,  2  feet  apart  on  an  arc  of  a  circle  of  4-foot 
radius.  In  most  instances  the  electrolyte  moving  with  the  ground 
water  would  show  itself  at  but  one  of  the  downstream  wells,  but  in 
one  or  two  cases  it  reached  two  of  the  downstream  wells,  and  in  a 
few  cases  the  first  setting  of  the  wells  did  not  correspond  to  the  actual 
direction  of  the  motion,  so  that  the  lower  wells  were  not  touched  at  all 
by  the  dissolved  electrolyte. 

Measurements  were  made  at  four  stations  located  within  the  narrows 
of  the  rivers  named.  The  first  and  second  sbitions  were  located  under 
a  wagon  bridge  over  Rio  Hondo  near  the  Old  Mission.  Two  groups 
of  wells  were  driven,  and  the  location  and  direction  of  these  wells 
with  reference  to  the  bridge  are  shown  in  fig.  31.  The  electrical  cur- 
rent was  observed  separately  for  a  circuit  between  the  casing  of  the 
upstream  well  and  the  casing  of  each  of  the  downstream  wells,  and 
also  for  the  circuit  between  the  casing  of  each  downstream  well  and 
the  brass  rod  electrode  contained  within  it,  a  direct-reading  ammeter 
being  used.  The  velocity  at  the  first  station  was  3.8  feet  per  diem. 
The  direction  of  flow  departed  slightly  from  the  direction  of  the  sur- 
face river,  being  10  degrees  west  of  south. 

At  the  second  station  the  electrolyte  showed  itself  at  both  of  the 
downstream  wells,  being  stronger,  however,  in  well  F.  The  velocity 
here  was  6.6  feet  a  day.  Points  of  special  interest  are  the  several 
steps  in  which  the  ampere  curves  rise,  as  shown  on  the  electrode  cir- 
cuits for  both  wells  E  and  F.  These  indicate  different  velocities  of 
ground  water  in  the  different  strata  penetrated  by  the  wells.  The  well 
points  and  well-point  extensions  being  covered  with  new  bright  brass 
gauze  in  these  first  tests,  the  different  porous  strata  registered  them- 
selves on  the  brass  gauze  by  blackened  bands  caused  by  the  corroding 
influence  of  the  electrolyte.  In  the  present  case  there  were  three  dis- 
tinct zones  marked  off  on  the  wells,  of  about  24,  20,  and  8  inches  each. 
The  velocities  in  these  strata  undoubtedlv  differed  from  one  another, 
and  hence  caused  the  steps  in  the  ampere  curve.  At  both  stations 
1  and  2  the  ground  water  was  artesian  in  character,  rising  in  the  wells 
about  an  inch  for  each  additional  foot  increase  in  depth.  The  wells 
were  16  feet  deep  and  showed  about  15  inches  of  artesian  head  above 
the  water  in  the  flowing  stream. 

The  third  station  was  established  on  the  San  GaV)riel  River  just 
below  the  wagon  bridge  on  the  Whittier  road.  A  special  point  of 
interest  at  this  location  is  the  fact  that  the  river  totally  disappears  in 
its  gravel  bed  a  few  rods  below  this  bridge.  We  hoped  to  secure 
some  facts  concerning  the  direction  and  velocity  of  the  disjippearing 
water.     A  double  row  of  wells  was  driven  across  the  river  bed  in  three 
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groups  about  33  feet  apart,  as  shown  in  fig.  32.  All  of  the  wells, 
except  a  group  near  the  left  bank,  pumped  very  poorly  and  wei-e 
evidently  in  very  tight  material.     The  gi-oup  of  wells  near  the  left 
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Fig.  81.— DijignuiiH  showing  the  velocity  ami  dirtf^tiou  of  flow  of  the 

bank  consisted  of  one  upstream  well,  E,  and  two  downstream  wells, 
F  and  G.  These  wells  evidently  penetrated  two  different  strata  of 
water,  as  a  velocity  of  48  feet  a  day  was  observed  between  E  and  F, 
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while  a  second  result  wan  strongly  developt»d,  indicating  a  velocity 
between  E  and  G  of  4.8  feet  a  da}'.  This  latter  rate  was  due  to  the 
lower  stratum  of  water,  whose  direction  of  motion  crossed  at  an  angle 
of  35^  that  of  the  upper  current  of  disappearing  river  water.  Fur- 
ther observations  at  this  point  were  rendered  impossible  by  the  break- 
ing of  a  dam  some  distance  al)ove  the  station,  which  completely 
flooded  the  wells  after  the  al)ove  observations  had  been  made. 

The  fourth  station  was  established  in  a  walnut  grove  on  Temple's 
ranch,  near  the  main  road  from  El  Monte  to  Downev.  This  location 
is  about  half  way  between  the  two  bluffs  of  the  narrows.  The  group 
consisted  of  four  wells,  and  a  velocity  was  found  to  be  rather  low,  14 
inches  a  day.     The  direction  of  flow  was  due  south. 

The  fifth  station  was  on  the  bank  of  the  San  Gabriel  River,  just 
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above  the  head  works  of  the  Ranchita  and  Los  Nietos  ditches.  The 
velocity  determined  was  5.3  feet  a  day,  in  a  direction  due  south,  mak- 
ing an  angle,  however,  of  about  45^  with  the  direction  of  the  surface 
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stream  at  the  same  point.     The  direction  of  flow  and  ampere  curve 
are  shown  in  tig.  4. 

The  cross  section  of  thealluvial  depositsat  the  narrows  of  the  Hondo 
and  the  San  Gabriel  is  about  10,000  feet  wide  and  probably  does  not 
exceed  600  feet  in  depth.  If  we  assume  that  the  porosity  of  the  under- 
flow gravel  is  33  per  cent  and  that  the  average  velocity  of  the  ground 
water  is  10  feet  a  day,  the  resulting  estimate  of  the  amount  of  water 
which  passes  underground  through  the  narrows  is  230  second-feet,  or 
nearly  four  times  the  flow  of  the  surface  streams.  This  is  undoubtedly 
a  maximum  estimate,  as  there  is  no  indication  that  the  average  velocity 
is  as  high  as  10  feet  a  day.  Four  feet  a  day  may  be  assumed  as  a  fair 
minimum  value  of  the  average  velocity.  This  would  correspond  to  a 
total  underflow  of  92  second-feet. 
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San  Gabriel  River;  station  3. 

The  measurements  established  the  existence  of  a  distinct  underflow 
of  moderate  velocity  through  the  alluvial  deposits  of  the  narrows.  In 
low  stages  of  the  surface  streams  the  underflow  probably  represents  a 
drainage  from  the  upper  valley  in  excess  of  that  discharged  by  the 
surface  streams.  The  substantial  identitv  of  the  water  of  the  under- 
flow  and  the  water  of  the  surface  streams  is  proved  by  tests  with  the 
Whitney  bridge,  so  that  we  ma}'  v^onclude  that  the  original  mountain 
stream  appears  at  the  narrows  as  a  composite  river,  consisting  of  sur- 
face streams  bordering  both  the  east  and  the  west  bluffs  of  the  narrows, 
together  with  a  very  wide  and  deep  but  slowly  moving  underflow 
occupying  the  entire  major  trough  of  the  valley. 


CHAPTER  V. 

MEASUREMENTS  OF  TIIE  TTNBEBFIiOW  AT  THE  NARROWS 
OF  THE  MOHAVE  RIVER  NEAR  VICTORVTLUE,  CAJL. 

CONDITIONS  AT  THE   STATION. 

The  Mohave  River  rises  on  the  slope  of  the  Sierra  Madre  Moun- 
tains in  San  Bernai-dino  County,  Cal.,  its  headwaters  flowing  from 
elevations  of  5,000  to  8,000  feet.  After  following  a  general  north- 
erly course  the  stream  disappears  in  the  Mohave  Desert  a  short  dis- 
tance belpw  Barstow,  Cal.  After  leaving  its  mountainous  canyon  the 
stream  gradually  loses  water,  and  for  a  large  portion  of  the  summer 
its  bed  is  dry  for  a  greater  part  of  its  course  on  the  plains.  At  a 
point  about  16  miles  north  of  its  source  the  river  passes  through  a 
narrow  gorge  called  the  "Narrows"  of  the  river.  The  granite  uplift 
which  forms  this  gorge  constitutes  a  dam  that  raises  the  undei-flow  to 
the  surface,  so  that  within  an  area  that  extends  from  a  point  a  mile 
and  a  half  above  the  gorge  to  a  point  a  considerably  greater  dis- 
tance below  the  gorge  the  stream  is  of  perennial  flow.  A  view 
of  the  narrows  of  the  river  is  shown  in  PI.  IX.  This  gorge  is  just 
south  of  the  village  of  Victorville,  Cal.,  a  station  on  the  Santa  Fe 
Railway.  The  place  had  been  under  investigation  as  a  possible  site 
for  a  dam  by  the  United  States  Geological  Survey  during  the  season 
of  1899  and  previously.  Reports  on  this  subject  will  be  found  in  the 
Eighteenth  Annual  Report,  United  States  Geological  Survey,  Part  IV, 
page  708,  and  the  Twenty-first  Annual  Report,  United  States  Geological 
Survey,  Part  IV,  page  471.  The  permanent  dry-season  flow  of  the 
river  at  the  gorge  varies  from  about  30  to  60  second-feet.  On  August 
15, 1902,  the  discharge,  as  measured  by  J.  B.  Lippincott,  was  33  second- 
feet.  Soundings  have  been  made  to  bed  rock  at  three  different  lines 
across  the  narrow  part  of  the  gorge  by  the  United  States  Geological 
Survey.  The  positions  of  these  cross  sections  are  shown  in  fig.  33. 
The  river-gage  rod  of  the  United  States  Geological  Survey  is  located 
on  the  right  bank  of  the  river  at  the  end  of  line  3.  This  line  was 
selected  as  the  location  for  the  underflow  measurements.  The  maxi- 
mum depth  to  bed  rock  at  this  point  is  46  feet,  as  is  shown  in  the 
approximate  cross  section  given  in  fig.  34.  The  material  filling  the 
gorge  and  constituting  the  bed  of  it  is  a  coarse  angular  granite  debris 
of  a  size  somewhat  larger  than  buckwheat.    Mechanical  analysis  of  the 

gravel  filling  the  gorge  is  given  in  Table  VI  (p.  30).    Determinations  of 
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the  effective  size  of  the  gravel  by  King's  aspirator 
diameter  of  0.72  mm.    The  samples  of  gravel  were 


showed  a  mean 
taken  from  the 


surface  material.     High  velocities  of  the  underflow  determined  at  cer- 
tain depths  indicate  that  there  are  some  streaks  of  coarser  material. 
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The  fiitfi  selected  for  the  inea-siireiiiciit  of  the  underflow  at  the  upper 
narrows  of  the  river  was  in  a  line  extending  across  the  river  at  right 
angles  to  its  main  course,  as  shown  in  the  plan  given  in  fig,  33.  The 
water  in  the  river  at  this  point  hardly  exceeded  a  foot  in  depth,  but 
the  water  spread  over  the  greater  portion  of  the  space  between  the 
banks,  necessitating  the  construction  of  a  small  foot  bridge,  shown  in 


Thii"  Uneof  tromseclion  correspond"  I"  llnpsln  ihtprei^tng  dlac"'"'  The  reotanglee  fncloeiog 
Ihe  flgurm  reprrwnl  the  ponllkm  Had  rlepih  at  which  the  uoderHov  v/»s  mrtaaied,  Tht^  Hgures 
lncl(H»t  In  the  rectangles  rvprewnl  the  vi-lndly  in  feet  per  clny  ni  tlintpolDt  In  thcrrannpelloii, 

PI.  X.  Another  view,  PI,  XI,  illustrates  the  method  used  in  putting 
down  the  test  wells.  The  double  row  of  test  welltt.  A,  B,  C,  1>,  E,  F, 
G,  H,  1,  were  driven  across  the  river  at  this  point  as  located  on  the 
plan  shown  in  tig.  35.  The  gorge  at  this  plai'c  is  only  12(1  feet  wide, 
and  it  was  at  fii-^t  thought  unnecessary  to  drive  more  than  a  single 
downstream  well  for  each  meaNurenient,  as  it  was  believed  that  the 


Frr..  3,^.— Thh  plnti  ohowM  the  p.»I(loii  <>t  Hie  vnriolLi  lent  vroll»  iiHeii  in  llie  underflow  InvestlRntlon. 

underflow  must  move  through  the  gorge  in  a  very  direct  couise.  It 
wa.s  determined,  however,  after  first  salting  the  upstream  wells,  that 
the  ground  waters  must  be  moving  through  the  gorge  at  this  point  at 
a  slightly  different  direction  from  tliat  of  the  surface  waters,  as  alwo- 
lutely  no  results  could  be  obtained  from  the  wells  as  first  arranged. 
Accordingly,  directional  wells   SI,  X,  Y,  Z,  U,  K   were  driven  as 
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FiQ.  37.— Diagram  showing  velocity  of  underflow  at  narrows  of  Mohave  River,  station  fi. 
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shown  in  fig.  35.  In  order  to  determine  whether  a  variation  in  the 
direction  was  the  cause  of  the  failure  to  measure  the  underflow,  some 
preliminary  experiments  were  carried  out  at  the  position  lettered  E, 
test  wells  X  and  Y  being  driven  18  inches  from  the  well  F.  After 
these  wells  were  put  in  place,  the  well  E  was  salted.  This  test  turned 
out  to  be  unsatisfactory  also,  but  a  slight  rise  in  the  electric  current 
in  well  Y  was  noticed,  which  encoui*aged  the  belief  that  the  direction 
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AMPERE  CURVE  FOR  WELL  Y.     DEPTH  14  FEET. 
VELOCITY:  55  FEET  PER  24  HOURS. 

Fig.  38.— Diagram  showing  the  velocity  of  underflow  at  narrows  of  Mohave  River,  station  E. 


of  flow  had  been  missed  in  the  first  test.  It  was  surmised  that  the 
ground  water  might  be  moving  so  i*apidly  as  not  to  give  time  for  the 
electrolyte  to  spread  sufficiently,  and  hence  was  able  to  pass  between 
two  downstream  wells  18  inches  apart.  It  was  also  possible  that  the 
direction  of  the  flow  was  to  the  left  of  the  new  well  Y.  In  order  to 
provide  for  this  contingency,  the  well  X  was  pulled  and  redriven  in 
the  position  indicated  by  the  letter  Z,  18  inches  from  Y. 
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If  it  were  true  that  the  motion  of  the  ground  water  of  the  underflow 
might  be  so  great  that  the  electrolyte  used  in  well  E  would  not  have 
time  to  spread  suiEciently  so  as  to  be  certain  of  coming  in  contact  with 
one  of  two  downstream  wells  18  inches  apart,  it  would  be  necessary  to 
modify  the  method  of  salting  E  so  as  to  cause,  if  possible,  a  wider 
path  to  be  traversed  by  the  electrolyte.  This  was  finally  accomplished 
by  introducing  into  the  well  E,  along  with  the  dry  sal  ammoniac, 
about  10  per  cent  caustic  soda,  or  common  soda  l3'e.  This,  of  course, 
brought  about  a  reaction  between  the  two  salts  in  solution,  ammonia 
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AMPERE  CURVE  FOR  WELL  F.  DEPTH  20  FEET. 
VELOCITY:  24  FEET  PER  24  HOURS 

Fig.  39.— Diagram  showing  the  velocity  of  underflow  at  narrows  of  Mohave  River,  station  E. 

gas  being  liberated.  It  was  believed  that  the  liberation  of  the  gas 
would  cause  the  mixed  chemicals  to  spread  more  rapidly  in  the  ground 
waters.  This  later  seemed  to  be  the  case,  for,  carrying  out  the  experi- 
ment in  this  way,  it  was  found  that  the  electrolyte  reached  well  Y, 
where  it  showed  itself  very  strongly  and  just  grazed  well  F.  The 
electrode  curve  for  well  Y  is  shown  in  fig.  40,  which  indicated  a 
velocity  of  ground  water  of  about  52.4  feet  for  twenty-four  hours. 
This  velocity  was  several  times  greater  than  any  previously  deter- 
mined, which  accounted  foi  the  diflScultics  encountered  in  interpreting 
the  first  failure  and  in  getting  the  direction  of  flow.     After  this  expe- 
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rience  all  of  the  upstream  wells  were  salted  with  the  same  mixture  of 
sal  ammoniac  and  caustic  soda,  and  no  further  difficulties  were  expe- 
rienced in  getting  the  velocity  and  direction  of  flow.  At  the  various 
stations.  A,  E,  G,  1,  determinations  of  velocity  were  made  at  various 
depths,  as  is  shown  by  numbers  inclosed  in  rectangular  lines  at  appro- 
priate points  in  the  cross  section,  fig.  34.     The  pipe  casing  of  well  D 
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AMPERE  CURVE  FOR  WELL  U,  DEPTH  25  FT. 
VELOCITY:  96  FEET  PER  24  HOURS 

Fio.  40.— Diagram  showinsr  velocity  of  underflow  at  narrows  of  Mohave  River,  ntation  G. 

wa.s  found  to  be  broken  below  the  ground,  and  station  C  was  on  that 
account  not  used. 

At  depths  below  the  surface  not  exceeding  25  or  30  feet  the  gravel 
of  the  gorge  is  completely  silted  with  fine  material  deposited  by  the 
river  and  is,  of  course,  impervious.     At  stations  E,  G,  and  I,  after 
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the  well  points  were  driven  a  few  feet  below  the  point  at  which  the 
deepest  measurements  were  made  the  points  were  completely  embedded 
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AMPERE  CURVE  FOR  WELL  H.  DEPTH  30  FEET 
VELOCITY:  11.7  FEET  PER  24  HOURS 

Fio.  41.— Diagram  showing  the  velocity  of  underflow  at  the  narrows  of  Mohave  River,  station  G. 

in  the  silted  gravel  and  no  water  could  be  drawn  from  the  wells  with 
an  ordinary  pump.     It  was  therefore  very  plain  that  the  underflow  of 
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AMPERE  CURVE  FOR  WELL  K.  DEPTH  24  FEET. 
VELOCITY:  9.1  FEET  PER  24  HOURS 
Flo.  42.— DiHgram  showing  the  velocity  of  underflow  at  the  narrows  of  Mohave  River,  station  I. 

the  gorge  was  confined  to  a  depth  not  exceeding  about  30  feet.     All 
of  the  velocities  determined  in  the  clear  gravel  of  the  gorge  ran  very 


8LICHTBR.]     NABROWS  OF  THE  MOHAVE  NEAR  VICTORVILLE,  OAL.         63 

high,  three  of  them  exceeding  a  velocity  of  50  feet  for  twenty -four 
bour^.  Taking  Schuyler's  figures  .for  the  area  of  the  cross  section  of 
the  gorge,  4,160  square  feet,  and  assuming  a  mean  velocity  of  ground 
water  in  the  entire  section  of  60  feet  for  twentv-four  hours,  and 
estimating  the  porosity  of  the  gravel  at  33i  per  cent,  the  total  under- 
flow in  the  gorge  will  be  found  to  be  less  than  1  second-foot.  This 
must  be  understood  to  be  a  maximum  estimate.  The  underflow 
probably  does  not  exceed  300,000  gallons  for  twenty-four  hours. 
The  gradient  of  the  water  plane  at  and  above  the  gorge  is  almost 
exactly  20  feet  to  the  mile. 

The  reproductions  of  photographs  shown  herewith  illustrate  the 
method  of  driving  the  wells  used  and  show  the  small  footbridge  and 
the  test  wells  that  were  put  in  place  during  the  investigation.  The 
tent  appearing  at  the  left  of  the  cut  contained  the  instruments  from 
which  wires  were  led  to  the  various  test  wells  (PI.  IX). 

QUALITY  OF  THE  WATER. 

The  quality  of  the  water  in  the  surface  stream  and  in  the  underflow 
of  the  Mohave  River  at  the  narrows  was  determined  by  tests  with  the 
Whitney  electrolytic  bridge,  and  the  amount  of  chlorine  in  the  water 
was  determined  by  titration.  The  water  is  remarkable  as  a  desert 
water  for  its  unusual  softness,  being  very  much  softer  than  the  usual 
water  found  in  southern  California,  as  at  Los  Angeles  and  neighboring 
points.  This  softness  is  undoubtedly  due  to  the  insoluble  character  of 
the  granitic  deposit  through  which  the  water  flows  after  leaving  its 
mountain  source.  It  should  be  remembered  that  both  the  surface 
water  in  the  stream  and  the  underground  waters  at  the  location  of  the 
narrows  of  the  Mohave  River  has  been  flowing  in  a  ground-water 
stream  for  10  or  12  miles  of  its  course.  As  all  of  this  water  reaches 
the  narrows  by  passing  underground  for  a  considerable  distance,  the 
results  of  the  few  tests  made,  given  herewith  in  Table  X,  are  of  con- 
siderable interest. 
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Table  X. — Quality  of  the  water  in  the  rirer  and  in  test  wells  at  the  narrows  of  the 

Moham  River. 

[Total  solids  were  determined  with  the  Whitney  electrolytic  bridge.] 


Well. 

Date  (Au- 
gust, 1902). 

Depth  in 
feet. 

Tempera- 
ture, °  F. 

Resistance  in 
ohms. 

Chlorine,  ptx. 
per  100.000. 

Total  8Dlid<. 
ptfl.  perlO'3,Otij. 

A 

10 
19 
10 
10 
10 
10 
15 
10 
15 

(«) 

8 
12 
16 

7 

20 
20 
25 
14 

8 

72 
67 
71 
72 
70 
70 
67 
72 
72 

67 

1,125 
1,150 
1,275 
1,150 
1,300 
1,300 
1,460 
1,250 
1,200 

1,200 

14 

B 

c 

2.51 

15 
12 

F 

G 

1.77 

13 

12 

H 

H 

1.25 

12 
11 

J 

Z 

1.77 

12 
12.5 

River  wa- 
ter   

2.01 

13.0 

a  Aug.  10,  7  a.  m. 

It  will  be  noticed  that  the  temperature  of  the  water  from  the  deeper 
wells  was  somewhat  lower  than  that  near  the  surface,  and  the  deeper 
water  also  appeared  to  be  somewhat  softer.  The  temperature  of  the 
ground  waters  remained  nearly  constant  at  the  various  depths,  but  the 
stream  water  showed  very  marked  fluctuations  in  temperature,  a.s 
would  be  expected  in  a  shallow  desert  stream.  The  temperature  of 
the  stream  water  taken  in  the  morning  was  always  low.  The  temper- 
ature at  7  a.  m.  August  10  was  67"^  F.,  which  was  the  usual  morning 
temperature.  During  the  day  the  temperature  would  rise,  the  extent 
of  the  rise  depending  upon  the  character  of  the  day,  tempei'atures  as 
high  as  82^  being  not  uncommon.  On  cloudy  da3\s  the  temperature 
remained  low.  It  will  be  noted  from  the  table  that  the  temperature 
of  the  surface  stream  was  lower  than  the  temperature  of  the  upper 
underflow  waters  at  night,  and  warmer  than  these  waters  during  the 
daytime.  This  is  already  accounted  for  by  the  fact  that  the  surface 
waters  rise  from  the  underflow  but  a  mile  or  so  above  the  narrows, 
the  surface  stream,  of  course,  representing  merely  the  surplus  of 
underflow  waters  as  the  ground  water  approaches  the  narrows. 


CHAPTER  VI. 

MEASUREMENTS  OF  TIITi:  RATE  OF  irxi>ERFLOW  ON  liONG 

ISIivVND,  NEW  YORK. 

CONDITIONS   EXISTING   AT  THE   STATIONS. 

The  following  determinations  of  ground- water  velocities  were  made 
along  the  south  side  of  Long  Island,  between  the  villages  of  Freeport 
and  Massapequa.  These  places  are  located  about  6  miles  apart,  on  the 
Montauk  division  of  the  Long  Island  Railroad,  which  between  these 
points  runs  nearl}'^  east  and  west  and  is  about  1  mile  north  of  the  edge 
of  the  extensive  salt  marshes  which  border  the  Atlantic  Ocean. 

Freeport  is  about  24  miles  from  Brooklyn  Bridge,  and  Massapequa, 
6  miles  east  of  Freeport,  is  within  2  miles  of  the  western  line  of 
SuflFolk  County. 

Within  the  6-mile  stretch  above  mentioned  the  city  of  Brooklyn  has 
five  pumping  stations,  drawing  water  from  extensive  batteries  of  driven 
wells.  The  names  of  these  stations,  from  the  west,  are:  Agawam, 
Merrick,  Matowa,  Wantagh,  and  Massapequa.  There  is  a  brick  con- 
duit on  the  north  side  of  the  right  of  way  of  the  Long  Island  Railroad, 
into  which  the  water  from  the  pumping  station  is  discharged,  carrying 
the  water  by  gravity  to  a  pumping  station  at  Milburn,  just  west  of 
Freeport,  where  an  additional  lift  sends  the  water  into  the  city  of 
Brooklyn.  The  five  driven-well  plants  above  mentioned  are  used  for 
auxiliary  supply  in  the  summer  months,  the  period  of  use  extending 
usually  from  July  to  December,  but  varying  with  the  rainfall  and 
other  climatic  conditions. 

Within  the  6  miles  from  Freeport  to  Massapequa  the  conduit  crosses 
several  small  surface  streams,  four  of  which  have  been  ponded  and 
their  waters  gated  into  the  conduit.  These  surface  waters  flow  into  the 
conduit  the  year  round,  the  driven  wells  constituting  the  auxiliary 
supply. 

The  particular  district  under  discussion  was  selected  as  the  object 
of  study  because,  in  the  first  place,  the  region  seemed  typical  of  con- 
ditions on  the  southern  side  of  the  island,  and,  secondly,  because  the 
ground  water  was  substantially  in  normal  condition,  owing  to  the  fact 
that  the  driven-well  plants  had  not  been  operated  since  the  previous 
December.  The  purpose  of  this  work  was  to  determine  the  principal 
facts  concerning  the  underground  drainage  of  the  island,  so  that  a  pre- 
liminary basis  could  be  secured  for  an  estimate  of  the  amount  of 
ground  water  available  for  municipal  supply. 
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The  determination  of  ground- water  velocities. was  niade  at  certain 
selected  stations  or  localities,  following,  in  general,  an  east- west  line. 
These  stations  were  confined,  for  the  most  part,  to  the  highways  or 
other  public  lands.  This  restriction  did  not  interfere  materially  with 
the  selection  of  the  best  sites  for  the  work.  One  set  of  stations  wa- 
placed  south  of  the  railroad  and  just  north  of  the  line  of  wells  of  tho 
driven-well  stations,  it  being  considered  of  importance  to  measure 
velocities  in  the  inuuediate  neighborhood  of  the  pumping  plants  both 
before  and  after  pumping  had  commenced.  Other  stations  were 
located  north  of  the  I'ailroad  and  conduit,  out  of  range  of  an  extensive 
influence  of  the  pumping  plants. 

The  6-mile  line  from  Freeport  to  Massapequa  is,  as  has  l)een  stated, 
alK)ut  1  mile  distant  from  the  edge  of  the  tidal  marshes  bordering  the 
Atlantic  Ocean.  North  of  this  line  for  a  distance  of  9  or  10  miles  the 
natuml  surface  drainage  of  the  land  is  toward  the  south,  the  slope  for 
nearly  8  miles  of  the  distance  being  very  uniform  and  in  amount  almost 
exactly  15  feet  to  the  mile.  This  drainage  plain  is  not  onU'  very  flat 
and  unbroken,  but  the  surface  conditions  are  exceedingly  favorable  for 
the  absorption  of  a  large  percentage  of  the  rainfall.  The  soil  for  the 
most  part  is  coarse  and  sand}^  and  very  porous.  The  slope  of  the  watf  r 
plain  is  somewhat  less  than  that  of  the  surface  of  the  land,  bein<r 
approximately  10  or  12  feet  to  the  mile.  The  underground  drainaj^n' 
is  in  general  toward  the  south,  the  main  east-west  underground  water- 
shed probably  coinciding  within  a  mile  or  two  with  the  surface  water- 
shed. The  average  rainfall  is  about  44  inches,  a  very  large  portion 
of  which  enters  the  ground. 

In  the  localities  where  the  test  wells  were  bored  the  nuiterial  was, 
for  the  first  30  to  40  feet,  yellow  sand  and  gravel,  quite  clean  and 
uniform,  but  growing  finer  with  the  depth.  The  first  20  feet  below 
the  water  plane  seemed  in  every  ciise  to  be  of  high  transmission  capac- 
ity, and  the  material  below  this  level  was  usually  of  increasing  fineness, 
finally  changing  into  a  fine,  dark-colored,  micaceous  sand.  At  a  depth 
of  40  to  60  feet  a  compact  layer  of  clayey  and  bog-like  material  was 
often  met,  and  in  driving  the  test  wells  into  and  through  this  layer 
the  water  rose  continuously  in  the  wells  until  a  marked  artesian  head 
was  developed.  Immediately  below  this  compact  layer  good  sands 
were  again  encountered. 

In  the  report  on  New  York's  water  supply  made  by  John  K.  Free- 
man in  the  year  1900,  it  is  stated  as  probable  that  this  layer  of  clayey 
material  referred  to  above  is  distributed  as  a  wide  and  practically 
unbroken  sheet  lying  40  to  60  feet  })encath  the  surface  of  the  south- 
sloping  drainage  plain  of  the  island. 

One  of  the  objects  of  the  measurement  for  ground- water  velocities 
was  to  determine  whether  or  not  there  was  a  considerable  southerlv 
movement  to  this  w^ater  in  the  sands  and  gravels  above  the  supposed 
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clay  sheet,  and  to  determine  the  order  of  magnitude  of  such  a  move- 
ment if  it  existed.  Whenever  there  exists  in  any  drainage  area  a 
body  of  ground  water  which  does  not  escape  into  the  beds  of  surface 
streams  as  seepage  water,  but  continues  a  seaward  course  through  the 
sands  and  gravels  quite  independent  of  the  surface  streams,  this  mov- 
ing sheet  of  water  is  known  as  the  "underflow."  One  of  the  prob- 
lems was,  therefore,  to  determine  whether  or  not  a  true  underflow 
existed  in  this  part  of  Long  Island,  and  to  learn  something  of  its 
magnitude  if  it  was  found  to  exist.  Another  problem  was  to  discover, 
if  practicable,  if  any  part  of  the  underground  drainage  existed  below 
the  bed  of  clay;  in  other  words,  it  was  sought  to  determine  whether 
the  underground  drainage  consisted  only  of  a  surface  zone  of  flow,  or 
whether  a  deeper  zone,  or  possibly  several  deeper  zones  of  flow,  were 
also  present. 

In  respect  to  the  first  problem  above  mentioned — the  existence  of  an 
underflow — there  can  be  no  question  that  a  true  underflow  of  consider- 
able importance  exists  within  a  depth  below  the  surface  of  40  to  50 
feet.  In  practically  all  of  the  stations  established  a  good  movement 
was  found  to  exist,  having  a  strong  southerly  component,  and  surpris- 
ingly free,  in  many  cases,  from  the  influence  of  neighboring  surface 
streams.  The  velocity  near  the  surface,  16  to  24  feet  below  the 
water  plane,  ran  as  high  as  5  to  12  feet  per  day.  At  greater  depths 
of  30  and  42  feet,  respectively,  the  velocities  were  in  each  case  about 
15  inches  per  day.  At  station  9  the  sand  was  so  fine  at  a  depth  of  45 
feet  that  it  could  not  be  prevented  from  running  into  the  bottom  of 
the  well  above  the  top  of  the  well  strainer  so  that  the  wells  could  not 
be  used. 

The  existence  of  a  deep  zone  of  flow  was  also  established.  At  station 
15  clay  was  encountered  at  a  depth  of  about  44  feet.  These  wells  were 
driven  to  a  depth  of  about  62  feet,  when  an  artesian  head  of  about  30 
inches  developed.  A  measurement  was  then  made,  the  screens  on  the 
wells  being  just  below  the  impervious  layer.  A  velocit}'  of  6  feet  a 
dav  was  found  to  exist  in  a  direction  about  10°  west  of  south.  The 
rate  of  flow  at  the  same  point  just  above  the  clay  was  onlj^  18  inches  a 
day,  so  that  a  true  "deep  zone  of  flow"  undoubtedly  exists  at  this 
point.  This  result,  although  very  important,  was  not  surprising,  as 
it  had  already  been  well  established  by  the  work  of  Mr.  A.  C.  Veatch 
and  others,  of  the  United  States  Geological  Survey,  that  the  clay 
layer,  formerly  supposed  to  be  of  wide  expanse  and  quite  unbroken, 
is,  as  a  matter  of  fact,  absent  over  considerable  areas  of  the  island,  so 
that  no  reavSon  exists  why  a  part  of  the  underground  drainage  should 
not  exist  below  this  impervious  bed.  It  is  strongly  urged  that  fur- 
ther measurements  below  the  clay  be  made.  Measurements  made 
some  distance  to  the  east  of  the  present  work,  say,  in  Suffolk  County, 
would  be  of  especial  value  in  indicating  the  areal  extent  of  this  deep 
zone  of  flow. 
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The  surface  zone  of  flow  of  the  underground  waters  is  probably 
divided  into  a  number  of  drainage  areas,  although  it  is  exceedingly 
doubtful  if  the  underground  drainage  basins  coincide  very  closely 
with  the  drainage  areas  of  the  surface  streams.  In  general,  the  veloc- 
ities seemed  to  increase  from  west  to  east,  the  lowest  velocities,  how- 
ever, corresponding  to  a  middle  area,  where  the  yellow  gravels 
contained  a  quantity  of  fine,  clay-like  silt.  The  Wantagh  area 
seemed  to  have  the  largest  underflow.  It  would  be  exceedingly 
interesting  to  have  series  of  measurements  extending  eastward  into 
Suflfolk  County.     By  increasing  somewhat  the  number  of  stations  in 
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VELOCITY  6  FEET  PER   DAY. 

Pig.  43. —Diagram  showing  velocity  and  direction  of  the  flow  of  undeiKround  water  at  Wantagh 
pumping  station  (station  2  X).  Velocity,  6  feet  a  day,  S.  40°E.  This  velocity  wa* determined  while 
pumps  were  drawing  water  from  the  wells  of  the  driven  M'ell  plant  at  a  rate  of  4,366,000  gallons  per 
twenty-four  hours.    No  velocity  detected  when  not  pumping. 

the  area  alread>'  covered  and  comparing  with  results  from  drainage 
areas  in  Suffolk  Count}-,  a  comparative  study  of  underground  drain- 
age systems  would  result  which  ought  to  have  much  value  in  planning 
sources  of  supply  for  Brooklyn. 

The  details  of  the  measurements  are  given  in  the  reports  on  indi- 
vidual stations  cont«lined  in  Table  XI.  The  locations  of  the  stations 
are  shown  in  fig  67,  and  the  curves  of  electrical  current  for  the  vari- 
ous stations  are  given  in  figs.  5  and  43  to  56, 
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Table  XI. — Ihiderflow  ineiuuremenls  on  Ixmg  Island, 


Number 
ofntation. 


•> 


2  X 

3... 

4... 

5... 

5X 

5  Y 

6... 

7... 

8... 

8... 


10. 
11. 


13. 
13. 

14. 
15. 


15  X 


17. 
18, 
21. 
22. 


Velocity 
of  ground 

water; 
feet  a  day. 


Direction. 


5.  5 

2 

6 

2 

2 

6.4 

5.4 

8.0 

5.0 

2.6 

0.0 

3.1 

2.6 

0.0 


96. 
6.9 
9.3 
1.53 


16 0. 

16X--J  77 
16X..J  11.6 


s. 

10' 

»E-.. 

s. 

40' 

•  •  • 

'K... 

s. 
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INFLUENCE  OF  THE   RAINFALL  Ul*ON   THE   RATE   OF  MOTION  OF  GROUND 

WATERS. 

An  excellent  opportunity  wan  presented  at  one  of  the  stations  for 
noting  the  influence  of  a  heavy  rain  upon  the  velocity  of  ground 
waters. 

At  station  5,  Agawam  pumping  station  (see  tigs.  58  and  44),  the 
upstream  well,  A,  was  salted  at  1K45  a.  ni.,  June  29,  1903.     Between 
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9  a.  m.  and  1  p.  m.  nearly  3  inches  of  rain  fell,  so  that  the  heavy 
precipitation  coincided  with  the  early  part  of  the  ground-water  raea«- 
urements.  The  velocity  found  was  6.4  feet  a  day.  On  July  3  the 
experiment  was  repeated,  there  being  no  rain  in  the  intervening  time. 
The  velocit}'^  found  in  the  second  trial  was  5.3  feet  a  day.  The  change 
in  velocity  was  undoubtedly  due  to  the  enormous  rainfall  during  the 
first  experiment.  Part  of  the  high  velocity  during  the  rain  storm  may 
be  attributed  to  the  low  barometer  accompanying  the  storm,  but  part 
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Fig.  44.— Diagram  showing  three  determinations  of  velocity  and  direction  of  flow  of  undef^Tound 
water  at  Agawam  pumping  station  (station  5).  Normal  velocity  of  ground  wat«r,  5.4  feet  a  dN>. 
S.  8°  W.  Velocity  during  heavy  rain,  6.4  feet  a  day,  S.  22°  E.  Velocity  while  pampiog  from  the 
lines  of  driven  wells,  8  feet  a  day,  S.  22°  E. 

of  it  should  be  assigned  to  the  increased  head  of  ground-water  pressure 
and  to  increased  load  carried  by  the  soil,  caused  by  the  heavy  rainfall 
upon  the  receiving  area. 

As  is  shown  in  another  place  ^  ground  waters  move  very  much  as 
electricity  is  conducted  in  a  good  conductor,  the  most  striking  quality 
being  an  almost  complete  absence  of  true  inertia  in  ground-water 
motions.     The  motion  of  a  mass  of  ground  water,  even  for  the  highest 


a  Nineteenth  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  2, 1899,  p.  331. 
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velocities,  is  so  slow  that  the  resistance  to  an  accelei'ating  /^oroe  repre- 
sented by  the  inertia  of  the  ground  water  is  almost  nothing  when 
compared  with  the  component  of  the  retarding  force  due  to  the 
ciipillary  resistiince  in  the  small  pores  of  the  sand  or  gravel.  Actual 
computation  will  show  that  in  a  uniform  sand  of  diameter  of  grain  of 
one-half  millimeter,  the  ground  water  will  reach  within  1  per  cent  of 
its  final  maximum  velckiity  due  to  a  sudden  application  of  pressure, 
or  head,  in  approximately  thirt}^  seconds  of  time.  This  surprising 
result  of  the  theory  of  ground-wat<?r  motions  receives  a  very  striking 
verification  in  the  increase  in  velocity  noted  during  the  rainstorm  as 
described  above. 
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VELOCITY    5   FEET    PER    DAY, 

Fig.  45.— Dhigram  showing  velocity  and  direction  of  flow  of  underground  water  at  Agawam  pumping 
Htation  (.station  fi).   -This  station  ih  located  near  Htation  5,  but  wells  were  12  feet  deeper. 

These  results  have  important  U^arings  on  our  knowledge  of  ground- 
water phenomena  in  the  neigh Iwrhood  of  a  well.  They  indicate  that 
the  velocity  of  the  ground  waters  in  the  neighborhood  of  a  well  reaches 
a  maximum  value  soon  after  pumping  is  commenced.  The  gradual 
formation  of  the  cone  of  de[)ression  near  the  well  shows  that  there 
must  be  a  progressive  augmentation  of  the  initial  velocity  of  the 
ground  waters  toward  the  well.  Nevertheless,  the  rate  of  depression 
of  the  water  table  is  so  slow  that  the  ground- water  motion  established 
soon  after  the  pumping  has  begun  is  substantially  the  same  as  its 
value  after   prolonged   pumping.     These   remarks   have   their   most 
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important  bearing  upon  the  phenomena  of  the  mutual  interference  of 
welLs.  The  interference  of  one  well  with  the  suppU^of  a  neighboring 
well  is  thus  seen  to  come  into  existence  almost  instantaneously  and 
need  not  wait  for  the  establishment  of  a  cone  of  depression  of  largt' 
area.  The  phenomenon  of  the  cone  of  depression  has  much  to  do  with 
the  permanent  supply  of  the  well,  but  has  slight  bearing  upon  the 
proper  spacing  of  the  w^eils  or  the  jiercentage  of  interference  of  one 
well  with  another. 
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VELOCITY    2.6   FEET    PER  DAY. 

Fig.  46.— Diagram  showing  velocity  and  direction  of  flow  of  underground  water  at  East  Meadov 
Brook  and  Babylon  Road  (station  7).  Thi.s  station  is  a  .short  di.stance  above  Aga warn  Pond,  and 
the  velocity  in  reduced  by  the  flat  water  plane  due  to  the  presence  of  the  pond.  Velociiy,  2.6  feel  a 
day,  south. 


SEEPAGE    WATERS   FROM   PONDS   AND   RESERVOIRS. 

The  work  on  Long  Island  afforded  some  unusually  good  opportuni- 
ties of  determining  the  rate  of  seepage  below  the  impounding  dams  of 
some  of  the  storage  ponds  which  tlie  Brooklyn  Water  Works  ha< 
established  north  of  the  conduit,  line  referred  to  in  the  opening  pages 
of  this  chapter.  The  batteries  of  driven  wells,  which  have  been  placed 
a  few  hundred  feet  south  of  nearly  all  of  these  ponds,  were  not  used 
during  the  summer  of  1J)08,  as  the  heav}'  rains  furnished  a  sufficient 
quantity  of  surface  water,  and  the  auxiliary  supply  from  the  wells  was 
not  drawn  upon,  as  usual,  during  July  and  August.  Station  5  is  l)elow 
the  Agawam  Pond  and  somewhat  within  the  line  of  seepage  from  the 
pond,  as  can  be  seen  by  consulting  lig.  58.     The  normal  velocity  of 
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j^round  water  at  this  stiition  is  5.3  feet  a  day.  At  station  7,  just  north 
of  the  pond,  the  velocity  was  2.<).feet  a  day.  It  seems  dear  that  the 
natural  velocity  at  these  points,  if  the  influence  of  the  dam  and  pond 
were  removed,  would  be  about  4  feet  a  dav.  The  velooitv  at  station  6, 
located  but  a  few  feet  from  station  5,  was  5  feet  a  day  at  a  depth  of  34 
feet,  as  compared  with  5.3  feet  a  day  at  a  depth  of  22  feet.  The  dam 
has  the  effect  of  makingf  the  water  table  nearlv  level  in  the  immediate 
neighborhood  of  the  pond,  and  also  of  greatly  augmenting  the  slope  of 
t  be  water  table  for  a  short  distance  below  the  pond.  The  lower  velocity 
alK>ve  the  pond  and  the  higher  velocity  below  the  pond  correspond 
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VELOCITY    3.1    FEET    PER    DAY 

Fio.  47. — DiagTam  showing  velocity  and  direction  of  flow  of  underground  water  near  Merrick  pump- 
ing station  (station  8).  The  gnmnd  water  at  this  point  slopes  in  a  nortlierly  direction  toward  the 
brick  conduit  north  of  the  Long  Ishind  Railroad.  The  velwity  found  wa.s  3.1  feet  a  day,  N.  S4°  W. 
The  northerly  flow  at  this  point  is  undoubtedly  due  to  seepage  into  the  conduit. 


with  these  facts.  When  there  was  no  flow  over  the  waste  weir  of  the 
dam,  the  flow  of  the  small  stream  which  rises  below  the  dam  Was  meas- 
ured at  the  bridge  marked  A  in  fig.  68.  On  July  10  this  flow  was  1.2 
second-feet,  practically  all  of  which  represented  seepage  water  from 
the  reservoir. 

A  flow  of  1.2  second-feet  or  1()3,0(K)  cubic  feet  a  day  represents  an 
amount  of  water  flowing  through  a  bed  of  sand  »30  feet  deep  and 
1,0(>0  feet  wide,  at  a  velocity  of  1  foot  a  day,  the  porosity  of  the 
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sand  supposedly  being  equal  to  one-third.  The  normal  velocity  of 
the  ground  water  is  augmented,  as  shown  by  the  measurement  quoted 
above,  bv  somewhat  more  than  1  foot  a  day.  The  width  of  the  lower 
end  of  this  pond,  or  the  length  of  the  earthen  dam,  is  about  1,4(X»  feet, 
so,  basing  the  estimate  on  this  minimum  length  and  on  a  minimum 
depth  of  80  feet,  an  augmented  velocity-  of  1  foot  a  da}'  would  give  a 
minimum  estimate  of  the  seepage  from  the  dam  of  l.t)  second-feet. 
Since  1.2  second -feet  are  known  to  actually  come  to  the  surface  t<> 
feed  the  stream  below  the  dam,  it  is  evident  that  this  estimate  of  seep- 
age is  a  minimum.     It  seems  evident  that  a  considerable  volume  of 
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VELOCITY   2.6   FEET    PER    DAY. 

Fr(j.  48.— Diiignim  .^liowiiiK  volocity  and  direction  of  flow  of  nndergroiind  warc^  at  Cedar  Bnok 
(Klation  10 ).    Tliis  stntion  is  hIkivo  (Vdar  Brook  Pond.    The  volocity  is  2.6  feet  a  day.  S.  ST*'  E- 

seepage  water  could  ))e  recovered  ])V  extending  the  line  of  driven 
wells  of  the  Agawam  pumping  station  to  the  east  of  the  present  termi- 
nus, a  distance  of  600  or  700  feet,  without  serious  lowering  of  the 
water  plane. 

A  test  well  was  driven  in  the  lower  south  end  of  Agawam  Pond  to 
a  depth  of  10  feet  to  determine  the  pressure  giudient  of  ground  water 
beneath  the  surface  of  the  pond.  The  water  in  this  t.est  well  stool 
about  1  foot  lower  than  the  water  in  the  pond  itself,  showing  a  tlope 
of  the  water  ])lane  or  a  hydraulic  gradient  of  7  feet  to  a  mile. 
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The  gradient  of  the  water  plane  below  the  dam — that  is,  between  the 
daai  and  station  5 — was  17  feet  to  the  mile,  so  that  the  velocities  to  be 
compared  are: 

Station  7  above  pond;  gradient,  7  feet  per  mile;  velocity,  2.6  feet  a  day. 
Station  6  below  pond;  gradient,  17  feet  per  mile;  velocity,  5  feet  a  day. 

These  results  checlt  very  favorably,  especially  when  it  be  considered 
that  the  gradient  above  or  north  of  station  7  was  probably  10  or  12 
feet  per  mile,  which  would  make  the  effective  gradient  at  this  station 
somewhat  greater  than  7  feet  per  mile. 
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VELOCITY   1.07    FEET 

Fig.  49. — Diagram  showing  velocity  and  direction  of  the  flow  of  underground  water  at  Grand  Avenue 
and  Newbridge  Brook  (station  12).  Velocity,  1.07  feet  a  day,  S.  3°  E.  This  is  the  lowest  velocity 
determined  on  Long  Island. 

Very  striking  results  were  obtained  below  the  dam  at  the  Wantagh 
Pond,  where  measurements  were  undertaken  to  determine  the  rate  of 
seepage.  The  dam  of  Wantagh  Pond  runs  parallel  to  the  right  of  way 
of  the  Long  Island  Railroad,  about  75  feet  north  of  the  road,  and  has 
an  extreme  length  of  500  or  600  feet.  About  150  feet  south  of  the 
i*ailroad,  downstream  from  the  reservoir,  the  city  of  Brooklyn  began 
in  1903  the  construction  of  an  infiltration  gallery,  consisting  of  a 
line  of  36-inch  double-strength  tile,  laid  at  a  depth  of  16  feet  below  the 
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Fig.  50.— Diagram  Nhowing  velocity  and  direction  of  flow  of  uuderjfround  water  at  Bellevue  n*d 

(station  14).    Velocity,  8.0  feet  a  day,  south. 
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Fig.  61.— Diagram  showing  velocity  and  direction  t)f  the  flow  of  underground  water  at  Bellevm' 

road  (station  15).    Velocity,  1.53  feet  a  day,  Routh. 
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water  plane.  It  i«  proposed  to  extend  this  gallery  for  a  mile  east  and 
west  from  the  Wantagh  pumping  station.  Stations  13, 16,  and  17  were 
established  for  the  purpose  of  measuring  the  normal  ground-water 
velocities  at  the  depth  (16  feet)  of  the  proposed  gallery.  Two  of  these 
stations  are  immediate!}^  south  of  the  pond  and  in  the  apparent  direct 
line  of  seepage,  while  station  17  is  located  slightly  east  of  the  edge  of 
the  pond  and,  as  seems  evident  from  fig.  59,  just  on  the  edge  of  the 
main  influence  of  seepage  from  the  ponds.  The  seepage  velocities  at 
stations  13  and  16  turned  out  to  be  enormous,  the  velocity  at  station 
13  being  96  feet  a  day,  south,  while  at  station  16  the  velocity  was  77 
feet  a  day,  the  direction  being  about  30^  east  of  south,  the  deflection 
being  toward  the  neighboring  stream,  as  shown  in  tig.   59.     These 
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Fio.  52.— Diagram  showing  velocity  and  direction  of  the  flow  of  underground  water  at  Bellevue 
n>ad  (station  15  X).  Velocity,  6  feet  a  day,  S.  15°  W.  This  station  is  the  same  as  station  15,  but 
measurement  of  velocity  was  made  below  a  stratum  of  clay  or  bog  material  at  a  depth  of  62,6  feet, 
20  feet  deeper  than  the  measurement  shown  in  fig.  51. 

velocities  are  the  highest  the  writer  has  determined.  They  may  be 
regarded  as  record-making  rates  for  the  horizontal  motion  of  ground 
waters.  Both  measurements  were  made  with  the  recording  instru- 
ments, and  by  consulting  the  ourA^es  in  figs.  53  and  54  it  will  be  noted 
that  each  curve  has  two  maximum  points,  which  must  correspond 
to  the  velocities  in  two  distinct  layers  of  gravel.  The  secondary  veloc- 
ity for  station  13  was  7 A  feet  a  day  and  for  station  16, 11.3  feet  a  day. 
A  very  striking  verification  of  the  fact  that  the  high  movements  here 
found  were  due  to  the  escape  of  water  from  the  pond  will  be  noted 
when  the  temperatures  of  the  waters  in  the  wells  of  these  stations  are 
compared  with  the  temperatures  of  the  water  in  the  pond  and  the  water 
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in  wells  outside  of  the  influence  of  seepage  from  the  pond.  Practically 
all  well  water  taken  from  wells  on  Long  Island  have  temperature:s 
lying  between  58°  F.  and  60°  F.  In  the  present  case  the  temperature 
of  water  drawn  from  H.  A.  Russell's  well,  22  feet  deep,  just  west  of 
Wantagh  Pond,  was  59°  F.  on  August  8,  1903.  The  temperature  of 
water  from  well  D  of  station  17,  just  east  and  slightly  below  the  pond^ 
was  61.2°  F.  on  August  11,  1903.  This  well  was  20  feet  deep,  the 
bottom  being  at  the  same  depth  as  the  wells  of  stations  13  and  16.    The 
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VELOCITY'.d)  96  FEET  PER  DAY;(2)  6.9  FEET  PER  DAY. 

Fig.  5.3.— Diagram  showing  velocity  and  direction  of  the  flow  of  underground  water  south  of  Wan- 
tagh Pond  (station  13).  Two  velocities  are  shown,  two  different  depths.  The  high  velocity,  96  fett 
a  day.  l8  the  highest  yet  determined.  Seepage  from  the  pond  accounts  for  the  high  velocitieii,  9i> 
and  6.9  feet  a  day,  south.    Ammeter  chart  for  this  station  is  shown  in  fig.  12. 

temperature  of  water  in  the  pond  varies  more  or  less,  especially  the 
temperature  of  the  surface  layer.  The  temperature  of  the  pond  water 
on  August  8,  a  cloudy  day,  was  72.5'-'  F.,and  on  July  30,  a  sunny  day, 
it  was  80^  F.  The  temperature  of  water  from  the  wells  of  station  13 
was  65. 8*^  F.  on  July  30,  and  from  the  wells  of  station  16  on'  August 
8  was  69.5°  F.  These  high  temperatures  at  stations  13  and  16  show 
that  a  large  portion  of  the  moving  ground  water  must  come  directly 
from  the  pond,  and  the  rate  of  motion  is  so  great  that  the  ground 
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water  has  not  time  to  be  reduced  to  the  normal  temperature  of  the 
ground. 

The  velocity  at  station  17  was  10. 0  feet  a  dav  in  a  direction  30'  west 
of  south.  The  temperature  of  the  water  was  61.5^  F.  The  ground 
water  at  this  point  is  probably  not  entirel}'  free  from  the  seepage 
water  from  the  pond.  The  direction  of  flow,  the  velocity,  and  the 
temperature  of  the  water  all  indicate,  however,  that  a  considerable 
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VELOCITY:  (7)  77  FEET  PER  DA/;  (2)  11.6  FEET  PER  DAY. 

Fig.  &1.— Diagram  showing  velocity  and  direction  of  flow  of  underground  water  at  Wantagh  Pond 
(station  16  X).  This  station  is  near  stiition  13,  and  the  curve  shows  two  distinct  velocities  in  dif- 
ferent strata.  Velocities,  77  a.id  11.6  feet .'  day,  S.  60°  E.  The  .stream  just  east  of  the  station  seems 
to  deflect  the  direction  of  *iow  toward  itself. 


part  of  the  water  is  the  natural  underflow,  which  at  this  point  is 
diverted  toward  the  low  hind  occupied  l)y  the  streams  below  the  pond. 
There  can  be  no  doubt  but  that  the  proposed  inflltration  gallery  will 
intercept  a  large  amount  of  seepage  water  from  the  pond,  which  at 
the  present  time  runs  entirely  to  waste.  The  amount  of  seepage  in 
the  first  16  feet  in  depth  is  probably  somewhat  less  than  3  second-feet 
per  1,000  feet  of  length  of  cross  section,  or  about  2,000,000  gallons  per 
twentj'-four  hours. 
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At  station  21,  located  just  above  Wantagh  Pond,  the  velocity  at  a 
depth  of  17  feet  was  21.3  feet  a  day  in  a  direction  60^  east  of  south. 
This  station  is  near  the  west  bank  of  the  main  brook  that  feeds  the 
pond,  and  the  ^  greater  portion  of  the  ground-water  at  this  point 
percolates  into  the  bed  of  the  stream.  The  true  undei-flow  at  this 
point  can  be  found  by  taking  the  southerly  component  of  this  velocity, 
which  gives  10.6  feet  a  day.  The  temperature  of  the  ground  water  at 
this  point  was  58*^  F. 
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Fi(4.  55. — Diagram  sho^'ing  velocity  and  direction  of  the  flow  of  underground  water  at  Wantagh 

Pond  (station  17).    Velocity,  10.6  feet  a  day,  S.  30°  W. 

The  increase  of  underflow  rate  at  the  Wantagh  Pond  from  10. t>  feet  a 
day  above  the  pond  to  96  and  H  feet  a  day  b^low  the  pond,  as  com- 
pared with  velocities  above  and  below  Agawam  Pond,  2.6  and  5.3  feet 
a  day,  respectively,  is  easily  understood  when  the  material  constitut- 
ing the  bottom  of  the  ponds  is  inspected.  The  material  at  Agawam 
is  good,  the  soil  being  fine  and  compact,  while  at  Wantagh  the  bottom 
of  the  pond  is  very  sandy,  in  some  places  having  a  closer  resemblance 
to  a  filter  bed  than  to  a  puddled  floor. 
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INFLUENCE     OF     PUMP1N(}     UIK^X     THE     RATE    OF     MOTION     OF     OROUND 
WATERS   NEAR  SOME   OF   THE   BROOKLYN    DRIVEN -WELL   STATIONS. 

Through  the  courtesy  of  Mr.  I.  de  Verona  an  excellent  opportunity 
was  furnished  the  writer  of  making  some  observations  on  the  influence 
of  pumping  upon  the  normal  rate  of  motion  of  ground  waters  in  the 
neighborhood  of  some  of  the  Brooklyn  driven-well  stations.  For  this 
special  purpose  the  pumping  stations  at  Agawam  and  Wantagh,  which 
had  been  idle  since  December,  1902,  were  started  up  for  two  days  each 
in  August,  1903.     Agawam  was  operated  continuously  from  7  a.  m., 
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VELOCITY  21.3    FEET    PER    DAY. 

Fig.  .56.—I)iagram  showing  velocity  and  direction  of  th©  flow  of  underground  water  (Rl«tion  21). 

Velocity,  21.3  feet  a  day,  S.  50°  E. 

August  19,  to  7  a.  m.,  August  20.  At  the  Agawam  station  observa- 
tions were  made  at  station  5  by  means  of  the  n»cording  instrument. 
Well  A  was  charged  at  4  p.  m.,  August  11^  or  after  nine  hours  of  con- 
tinuous pumping.  After  this  length  of  time  it  was  expected  that  the 
maximum  rate  of  flow  of  ground  water  would  be  established,  although, 
of  course,  the  cone  of  depression  near  the  wells  would  still  be  chang- 
ing quite  rapidl3\ 

Station  5  is  30  feet  north  of  the  intersection  of  the  chief  suction 
mains  communicating  with  the  line  of  driven  wells  and  12  feet  east  of 
iRR  140—05 6 
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the  central  discharge  main  (see  fig.  58).  The  depth  of  the  test  we^ls  i-^ 
22  feet,  while  the  depth  of  the  30  wells  of  the  Agawam  station  system 
varies  from  30  to  105  feet. 

The  rate  of  pumping  during  the  forty-eight-hour  test  was  very  uni 
form,  at  an  average  rate  of  2,250,000  gallons  per  twenty-four  hours. 
The  vacuum  at  the  pump  was  maintained  at  24  inches,  while  that  at 
the  first  well  east  of  the  engine-house  was  23.2  inches.     The  charge 
of  the  centrifugal  pump  was  dropped  from  4  p.  m.  to  4.40  p.  m.. 
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Fig.  57.— Map  showing  location  of  overflow  stationa.  at  which  determinations  of  the  rat€  of  flow  ul 
underground  water  were  made  on  IxHig  Ishmd.  The  Brooklyn  driven-well  pumping  stations  an* 
locateil  on  the  south  .side  of  the  railroad  and  are  named,  from  ea.st  to  west,  Massapequa,  Wantagh. 
Matowa,  Merrick,  and  Agawam. 

August  19,  during  which  time  the  vacuum  fell  to  7  inches.      This  was 
the  onh'  interruption  during  the  test. 

The  velocity  determined  at  station  5  during  the  test  was  8  fret  a  day 
in  a  direction  S.  22^^  E.  The  normal  velocity  at  this  station  is  5.4  feet 
a  day,  S.  8  '  W.,  so  that  the  influence  of  the  pumping  was  to  uicreasi* 
the  velocity  by  2.0  feet  a  day,  or  an  increase  of  about  50  per  cetst  (fig. 
44).  The  actual  velocity  found  and  the  percentage  of  increase  are  both 
very  moderate,  and  indicate  that  the  pumping  st^ition  is  not  making 
an  unreasonable  draft  upon  the  ground-water  supply  at  this  point. 
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The  30  wells  of  the  Agawain  supply  station  have  screens  each  10  feet 
long,  or,  altogether  about  730  square  feet  of  screen.  The  maximum 
velocity  of  the  ground  water  as  it  enters  these  screens  must  be  1,230 
feet  a  day,  since  the  actual  pumpage  was  2,250,000  gallons  or  300,000 
cubic  feet  per"  twenty-four  hours.  The  mean  velocity  in  the  area  (10 
by  1,500  feet  cross  section)  immediately  drawn  upon  by  the  wells  was 
about  30  feet  a  day.  The  reduction  of  this  rate  to  2.7  feet  a  day  rep- 
resents a  ratio  of  reduction  of  11,  which  could  be  taken  care  of  by  a 
depth  of  110  feet  in  the  water-bearing  gravels,  without  going  outside 
of  the  1,500  foot  east  and  west  line  of  the  driven  wells. 

To  put  this  in  another  way:  the  daily  pumpage  of  300,000  cubic  feet 
of  water  could  be  supplied  b}'  the  normal  rate  of  motion  of  the  ground 


Pig.  58. — ^Map  showing  location  of  stations  5  and  6  with  reference  to  Agawam  pumping  station  and 
East  Meadow  Brook  Pond.  The  surface  stream  was  gaged  at  the  bridge  marked  A.  The  normal 
direction  of  ground-water  motion  at  station  5  wa8  S.  8P  W.  During  a  heavy  rain,  and  also  when  the 
pumpR  were  drawing  water  from  the  lines  of  driven  wells,  the  direction  of  flow  changed  to  S.  22°  E., 
as  shown  by  the  arrows  drawn  from  station  5. 

water  at  this  point  (5.4  ffeet  a  day)  through  a  cross  section  of  510,000 
scjuarc  feet,  or,  say,  100  feet  deep  by  1  mile  wide.  To  supply  this 
amount  of  water,  if  removed  from  the  ground  on  each  of  the  three 
hundred  and  sixty-live  days  in  a  yea.Y  would  utilize  1  foot  of  rain- 
full  on  12  square  miles  of  catchment  area.  These  amounts  are  not 
excessive.  The  rate  of  removal  of  ground  water  at  the  Agawam 
station  must  therefore  be  regarded  as  exceedingly  moderate. 

The  observations  at  Wantagh  pumping  stiition  were  made  on  August 
21  and  22.  The  pumping  at  this  station  began  at  7  a.  m.,  August  21, 
and  continued  forty-eight  hours  at  the  uniform  rate  of  4,366,000 
gallons  per  twenty-four  hours.     The  water  at  this  station  is  drawn 
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from  48  driven  wells,  arranged  on  three  lines  of  suction  mains  as  shown 
in  fig.  59.  The  east  and  wast  expanse  of  the  two  chief  lines  of  wells  ln 
about  1,500  feet.  The  wells  of  this  station  are  of  two  different  type>. 
shallow  wells  of  depth  of  about  24  feet  and  deeper  wells,  extending 
below  an  impervious  bed  to  depths  of  from  60  to  112  feet.  These  lat- 
ter wells  have  an  artesian  head  of  3  or  4  feet,  and  when  the  pumping 
plant  is  idle  the  water  from  the  deep  wells  flows  into  the  suction  main 
and  into  the  shallow  wells,  whence  the  water  escapes  into  the  sands  and 
gravels  of  the  upper  zone  of  flow.  An  attempt  was  made  on  June  '24: 
to  measure  the  rate  of  motion  of  the  ground  water  at  station  2,  situ- 
ated 17  feet  west  of  the  chief  discharge  pipe  and  300  feet  north  of  the 
intersection  of  the  main  suction  pipes  from  the  driven  wells,  as  shown 
in  fig.  59.     The  attempted  measurement  was  a  failure,  it  not  being 


Fig.  69.— Map  showing  location  of  stations  2, 13, 16,  and  17  near  Wantagh  pumping  station  and  Wan 
tagh  Pond.    The  arrows  indicate  the  directfon  of  flow  of  ground  wHt«r.    The  flow  at  iitation  2 
was  observed  while  pumps  were  drawing  water  from  the  three  lines  of  driven  wells. 

known  at  that  time  that  the  discharge  from  the  numerous  artesian  wells 
was  entering  the  surface  layers  of  gravels  and  hence  interfering  with 
the  normal  flow  in  these  gravels.  The  ground  water  at  station  2  was, 
on  account  of  this  situation,  either  entirely  stationary  or  moving  slightly 
toward  the  north.  On  August  21  well  A  of  station  2  was  charged  at 
6  p.  m.,  or  after  eleven  hours  of  continuous  pumping  from  the  driven 
wells.  The  velocity  of  the  ground  waters  observed  was  at  the  rate  of 
6  feet  a  day  in  a  direction  40^  east  of  south.  As  this  station  is  distant 
only  300  feet  from  the  lines  of  driven  wells,  it  is  evident  that  the  with- 
drawal of  4,366,000  gallons,  or  582,000  cubic  feet,  per  twenty-four 
hours  has  not  an  excessive  influence  on  the  normal  rate  of  motion  c>f 
the  ground  waters.     The  results  at  Wantagh  compare  very  well  with 
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the  results  at  Agawam,  and  indicate  that  the  driven-weli  plants  have 
not  exhausted  the  possibilities  of  ground-water  developments. 

CONCLUSION. 

The  very  evident  conclusion  from  observations  on  Long  Island  is 
that  large  amounts  of  ground  water  can  still  be  obtained  along  the 
south  shore  of  the  island,  especially  if  deep  wells  of  large  diameter 
can  be  successfully  bored.  The  writer  has  already  called  attention  to 
tlie  possibility  of  constructing  12-inch  wells  of  the  California  or 
"'stovepipe"  type  in  the  unconsolidated  material  which  extends  from 
the  surface  to  considerable  depths  on  Long  Island.  Such  wells,  sev- 
eral hundred  feet  in  depth,  with  perforations  opposite  the  best  water- 
bearing material,  would  utilize  a  large  part  of  the  underflow  which 
now  escapes  to  the  sea.  The  practicability  and  success  of  such  wells 
in  this  locality  seems  very  probable,  but  the  only  way  to  arrive  at  an 
entirely  satisfactory  conclusion  is  to  actually  construct  a  test  well. 


CHAPTER  VII. 

THK  SPECIFIC  CAPACITY  OF  WEIiliS. 

GENERAL  PRINCIPLES. 

The  amount  of  water  discharged  or  obtained  from  a  tubular  well  it^ 
a  quantity  which  is  as  rigidly  dependent  upon  certain  definite  and 
measurable  factors  as  the  total  horsepower  of  a  steam  engine  is  depend- 
ent upon  the  elements  in  its  design  and  the  pressure  of  steam  furnished 
to  the  engine.  Very  few  persons  realize,  however,  the  closeness  and 
intimacy  of  the  dependence  of  the  yield  of  a  well  upon  the  various 
causes  represented  by  the  character  of  the  water-bearing  material  in 
which  it  is  constructed  and  the  size  and  ^hape  of.  the  well  itself.  In 
fact,  the  available  published  data  containing  the  results  of  actual  tests* 
of  the  capacity  of  wells  are  usuall}^  incomplete  in  some  important  par- 
ticular, so  that  no  laws  or  general  principles  are  discernible  even  where 
they  exist.  With  every  well,  no  matter  what  its  size  or  metliod  of 
construction,  there  can  be  associated  a  perfectly  definite  quantity  which 
expresses  the  capacity  of  that  well  to  furnish  water.  In  order  to  add 
definiteness  to  well  construction  and  well  data,  such  a  quantity  should 
be  applied  to  every  well  whose  capacity  is  measured.  It  can  conven- 
iently be  designated  by  the  term  ''specific  capacity."  By  '^specific 
capacity  "  of  a  well  is  meant  the  amount  of  water  furnished  under  a 
standard  unit  head,  or  the  amount  of  water  furnished  under  unit  lower- 
ing of  the  surface  of  the  water  in  the  well  by  pumping.  This  number 
can  be  made  definite  by  agreeing  upon  the  unit  of  measure  of  quantity 
of  water  and  on  the  unit  in  which  the  head  is  to  be  measured.  If  the 
unit  of  yield  be  the  "second-foot,"  or  cubic  foot  of  water  per  second 
of  time,  and  if  the  hydraulic  head  be  measured  in  feet  of  water,  then 
the  specific  capacity  of  any  well  is  found  by  dividing  the  number  of 
second-feet  b}^  the  hydraulic  head.  For  example,  if  an  artesian  well 
flows  2  second-feet,  and  if  the  static  head  in  the  well  when  the  water 
is  not  permitted  to  flow  is  equivalent  to  a  head  of  20  feet  of  water, 
then  the  specific  capacity  of  the  well  is  2  divided  by  20,  or  0.1  second- 
foot.  We  describe  the  specific  capacity  by  saying  that  the  specific 
capacity  of  the  well  is  0.1  second-foot.  Likewise,  if  we  desire  to  speak 
of  the  specific  capacit}"  of  a  common  tubular  well  which  is  not  artesian 
in  character,  we  can  proceed  in  a  similar  way.  For  example,  if  the 
well  yields  2  second-feet  when  the  water  in  the  well  is  lowered  20 
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feet  below  its  normal  position,  the  specific  capacity  is  found  by  divid- 
ing 2  second-feet  by  20,  giving  a  specific  capacity  of  0.1  second-foot. 

For  the  purpose  of  expressing  the  capacitvof  wells,  the  second-foot 
will  be  found  to  be  a  large  unit  of  capacity,  so  that  it  will  often  be 
convenient  to  express  the  yield  in  gallons  per  minute,  rather  than  in 
second -feet.  One  socond-foot  is  eciuivalent  to  about  450  gallons  per 
minute,  so  that  the  specific  capacity  of  the  wells  above  given  might 
}>e  stated  as  '^45  gallons  per  minute."  Another  convenient  unit  of 
measure  for  the  capacity  of  the  well  is  the  miner's  inch,  the  California 
miner's  inch  being  one-fiftieth  of  a  second-foot,  and  hence  of  a  very 
convenient  size  for  the  measurement  of  well  capacity.  However,  the 
different  values  of  the  miner's  inch  prevalent  in  various  sections  of 
the  country  make  this  unit  of  measure  undesirable  for  general  use. 

The  iraportiince  of  accurate  knowledge  of  the  specific  capacity  of 
the  wells  of  a  localitv  can  not  be  overestimated.  To  the  owner  of  a 
Nvell  it  is  very  important  that  he  know  whether  or  not  his  well  is 
better  or  poorer  than  neighboring  wells,  and  whether  the  difference 
is  due  to  a  divei-sity  in  pumping  machinery  or  to  a  difference  in  the 
well  itself.  To  one  who  contemplates  the  construction  of  a  well  it  is 
of"  the  first  importance  that  he  know  how  much  water  he  may  expect 
to  obtain,  and  in  what  manner  it  can  l>est  be  obtained.  In  spite  of 
striking  examples  of  irregularity,  it  is  usually  true  that  the  same 
water-bearing  material  is  very  uniform  in  a  given  locality,  and  by 
properly  designing  a  well  one  should  be  able  to  estimate  in  advance 
of  construction  the  capacity  of  a  well  with  a  veiy  small  per  cent  of 
error.  However,  tests  on  existing  wells  and  all  data  concerning  them 
will  have  to  l)e  obtained  and  recorded  with  much  greater  accuracy  and 
completeness  than  heretofore  if  this  desirable  result  is  to  be  realized. 

It  does  not  count  against  the  above  statements  concerning  the  ability 
to  determine  in  advance  the  probable  yield  of  a  well,  to  find  that 
neighboring  wells,  similarly  constructed,  3'^ield  very  different  amounts 
of  water,  or  that  water  can  not  be  obtained  a  short  distance  from  a 
good  well.  Such  a  discovery  always  causes  considerable  comment, 
while  the  numerous  cases  in  which  ground  water  is  found  at  very 
uniform  depths  and  in  nearly  identical  material  call  forth  no  comment 
whatever. 

The  amount  of  water  yielded  by  a  common  open  well  or  by  a  non- 
flowing  tubular  well  is  dependent  first  of  all  upon  the  degree  of  fineness 
of  the  material  in  the  various  strata  from  which  the  water  is  obtained. 
The  size  of  the  soil  grains  not  only  controls  the  rate  at  which  water 
can  be  transmitted  to  the  well  under  a  given  head,  but  it  also  determines 
the  proportion  of  contained  water  which  the  soil  will  freely  part  with. 
The  fine-grained  soils  retain  a  considerable  proportion  of  the  water  of 
saturation  as  capillary  water  even  aft<*r  free  means  of  drainage  are 
established,  so  that  tine-grained  material  will  not  only  deliver  water 
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hIowI}^  hut  will  furnish  only  a  small  total  amount.  Some  quicksand 
is  so  fine  that  the  water  can  be  pulled  away  from  the  fine  grains  with 
the  greatest  difficulty,  while  .silt  with  a  diameter  of  grain  of  alx>ut  one 
one-thousandth  of  an  inch  (not  at  all  an  unusual  size)  will  part  with  its 
water  very  slowl}^  even  when  it  is  placed  on  a  piece  of  blotting  pajii^r. 

The  above  factor  in  the  specific  capacity  of  the  well  can  be  expressed 
by  means  of  the  transmission  constant,  A%  of  the  material  furnishing 
the  water.  Other  things  being  equal,  the  yield  of  the  well  will  vary 
directly  with  the  transmission  constant. 

Another  cause  eflecting  the  yield  of  the  well  is  the  thickne^^ss  of  the 
water-bearing  stratum.  If  the  transmission  constant.s  of  all  water- 
bearing strata  are  the  same,  the  amount  of  water  available  is  directly 
dependent  upon  the  thickness  of  sti^itii  penetrated,  provided,  of  coui-se, 
that  onlv  such  material  is  counted  as  is  in  contact  with  a  suitable 
well  screen  or  strainer. 

An  important  factor  in  determining  the  yield  of  a  well  is  the  diam- 
eter of  the  well.  By  the  diameter  is  meant  the  diameter  of  the  well 
where  it  penetrates  the  water-bearing  stratum.  The  diameter  of  the 
well  is  a  factor  which  determines  the  rate  at  which  the  water  must 
move  in  the  water-bearing  material  as  it  enters  the  well.  A  well 
having  a  large  casing  will  permit  a  given  amount  of  w^ater  to  enter 
under  a  low  velocity,  and  hence  with  little  friction  in  the  pores  of  the 
water-bearing  medium.  The  dependence  of  the  yield  upon  the  diam- 
eter of  the  well  is  not  expressible  in  a  very  simple  way.  In  fine  mate- 
rial, the  dependence  of  the  yield  upon  the  diameter  of  the  well  is  very 
much  less  than  is  commonly  supposed.  Only  in  material  that  is  very 
coarse  is  it  usual  that  any  great  advantage  is  obtained  by  using  t-asing 
as  large  as  16  to  24  inches  in  diameter. 

The  friction  of  the  water  as  it  flows  upward  in  the  casing  of  a  well, 
a  factor  which  is  often  very  large  in  the  case  of  an  artesian  well,  is 
usually  small  or  negligible  in  conunon  tubular  wells  from  which  the 
water  is  pumped  with  a  suction  pipe  much  smaller  than  the  diameter 
of  the  well  itself.  This  statement  must  not  be  understood  to  imply 
that  the  amount  of  water  discharged  by  the  pump  is  not  influenced  by 
the  size  of  the  suction  and  discharge  pipes.  What  is  meant  is  that, 
with  a  given  lowering  of  the  water  in  the  well  the  yield  of  water  will 
not  be  dependent  upon  the*  friction  in  the  casing  to  the  upward-moving 
water,  while  of  course  the  amount  of  power  applied  to  the  pump 
will  be  greatly  influenced  })y  the  size  of  the  suction  and  discharge  pipe 
and  upon  the  manner  in  which  these  pipes  are  installed. 

Finally,  the  specific  capacity,  if  the  well  be  not  too  shallow,  varies 
directlv  as  the  distance  the  surface  of  the  water  in  the  well  is  lowered 
by  pumping.  Thus,  if  the  water  in  a  well  is  lowered  2  feet  below  the 
natural  level  by  pumping  from  it  at  the  rate  of  20  gallons  a  minute, 
the  same  w^ell  ma}'  be  expinted  to  3  ic^ld  approximately  40  gallons  a 
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minute  if  the  water  is  lowered  4  feet  below  the  natural  level.  For 
shallow  wells  the  yield  will  not  increase  in  this  direct  ratio,  hut  will 
be  considerably  less  on  account  of  the  decrease  in  percolating  surface 
duo  to  the  lowering  of  the  water  phine  in  the  neighborhood  of  the  well. 
Resides  the  advantages  just  mentioned,  tubular  wells,  owing  to  their 
|jfreater  depth,  are  nuich  more  likely  to  strike  a  vein  of  coarse  mate- 
rial, a  small  stratum  of  which  may  be  expected  to  furnish  nmch  more 
water  than  a  considerable  depth  of  tine  material.  This  accounts  for 
the  well-known  superiority  of  deep  tubular  wells  over  common  dug 
wells. 

If  a  well  l>e  cased  through  the  water-bearing  medium,  the  character 
of  the  screen  or  perforations  in  the  casing  will  of  course  influence 
the  yield  of  the  well.  If  a  screen  is  clogged,  or  if  the  perforations 
aie  not  ample,  the  capacity  of  the  well  will  be  cut  down  because  of 
this  imperfect  casing. 

All  of  the  factors  named  above  influence  the  yield  of  a  flowing  arte- 
sian well,  except  that  in  place  of  the  distance  the  water  is  lowered  by 
pumping  we  uuist  substitute  the  static  head  at  the  point  of  discharge 
of  the  flowing  water.  By  the  static  head  is  meant  the  pressure  when 
the  well  is  closed  at  the  point  at  which  the  flow  is  measured.  This 
stiitic  head  is  conveniently  expressed  in  terms  of  feet  of  water.  For 
example,  instead  of  giving  the  static  head  in  pounds  per  square  inch 
we  can  state  it  in  feet  of  water.  The  flow  of  water  from  the  porous 
luedium  into  the  well  will  vary  directly  as  the  static  head,  but  the  total 
yield  of  the  well  will  not  vary  in  this  simple  wa}'  on  account  of  the 
frictional  resistance  which  the  water  suffers  in  flowing  through  the 
casing  and  drill  hole  of  the  well.  This  last  component  of  the  specific 
eapat*ity  while  usually  small  in  a  well  that  is  pumped  is  often  of  the 
very  first  importance  in  the  case  of  a  flowing  well.  To  the  friction  in 
the  casing  and  discharge  pipe  should  be  added  the  influence  of  all  turns 
and  bends  and  reductions  in  size  and  the  like.  This  factor  is  often  a 
very  large  one  in  the  determination  of  the  amount  of  water  yielded  by 
an  artesian  well.  The  resisbince  due  to  friction  increases  very  greatly 
with  a  decrease  in  the  size  of  pipe  and  also  with  an  increase  in  the 
length  of  the  pipe,  and  is  materially  influenced  by  the  curves  and 
variations  in  size  of  the  pipe  and  by  the  rivets  and  joints  in  the  well 
casing  or  discharge  pipes.  The  friction  in  pipes  does  not  vary  directly 
with  the  hydraulic  head,  but  approximateh'  as  the  square  root  of  the 
head  at  which  the  flow  takes  place. 

As  stated  before,  complete  data  concerning  tubular  wells  are  very 
difficult  to  obtain.  Complete  data  concerning  an  artesian  well  should 
consist  of  the  following:  First,  exact  dimensions  of  all  casing  and  sizes 
of  the  bore  hole,  including,  of  course,  total  depth;  second,  the  static 
head  of  the  well  measured  at  a  point  a  known  distance  above  the  sur- 
face of  the  ground;  third,  an  accurate  measurement  of  the  amount  of 
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ammeter 


water  yielded  by  the  well  when  freely  flowing  under  the  measured 
static  head;  fourth,  the  thickness  of  the  various  water-bearing  strata 
furnishing  water  to  the  well.  The  data  for  common  tubular  wells 
should  include  the  following  facts:  First,  the  diameter  of  the  well  cas- 
ing; second,  the  depth  to  water;  third,  the  depth  of  the  well;  fourth, 
the  length  of  screen  or  perforations  in  the  well;  fifth,  the  character  of 
the  porfomtions;  sixth,  the  amount  of  water  obtained  from  the  well 

under  continuous  pumping;  seventh. 
Wires  to  battery  and  the  amouiit  that  the  watei"  in  the  well 

">  is  lowered  below  its  normal  level  dur- 

ing such  pumping.  From  these  facis 
the  specific  capacity  of  the  well  can  he 
^^  computed  and  many  important  facts 
can  be  determined.  Additional  data 
of  considerable  importance  would  l>e 
the  following:  Eighth,  the  distantv 
the  water  is  raised  by  the  pum|)s; 
ninth,  the  cost  or  expense  of  pumping. 
Complete  estimate  of  the  specific 
capacity  of  a  tubular  well  can  be  made 
if  the  following  data  can  be  obtained: 
First,  the  amount  that  the  water  in  the 
well  is  lowered  below  the  undisturlied 
water  plane;  second,  the  nite  at  which 
the  water  rises  in  the  well  after  pump- 
ing ceases;  third,  diameter  of  casing 
and  of  suction  pipe.  The  determina- 
tion of  the  rate  at  which  the  water 
rises  in  the  well  casing  requires  tiome 
si>ecial  appliances,  a  stop  watch  being 
usually  a  necessity.  Additional  appa- 
i-atus  for  this  purpose  has  been  con- 
structed and  is  shown  in  fig.  60.  The 
apparatus  consists  of  a  brass  tul>e  1 
„     .„    ,        ,    ,  .,      »    f  inch    in    diameter    containing    some 

Fig.  60.— Apparatus  for  measuring  the  rate  of  ^       ^ 

rise  of  water  in  wells.    A  number  of  floats,  small     floats     plaCcd    at     dlstanCCS     of 
as  shown  In  the  figure,  are  piami  a  fcK>t  ^^^^^^^    ^    ^^^^  .^.^      rj.,^^    apparatus 

apart  in  a  l-meh   brass  tube.    The  rising  ^  ^  ^  .    . 

water  ii.  the  well  mises  the  several  floats  in   IS  loWCrcd  intO  thc  WCll  UUtil  itS  loWCr 

turn  and  registers  the  time  on  an  ammeter  ^^^j  reachcS  the  IcVCl  of   Watcr  in  the 

above. 

well  when  it  is  being  pumped.  When 
pumping  ceases  water  in  the  well  rises  and  i*aises  in  succession  each  float 
from  its  seat,  which  in  turn  is  indicated  to  the  observer  by  the  deflection 
of  a  needle  that  is  controlled  by  electric  circuit  running  to  the  several 
floats.  By  use  of  a  stop  watch  the  mte  at  which  water  rises  in  the 
well  can  be  determined.  The  manner  of  using  the  apparatus  will  be 
easily  understood  from  the  diagram. 


vVVIres  to  similar 
floats  below 
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The  rate  of  rise  of  the  water  surface  in  the  well  after  it  has  been 
depressed  by  punaping  should  furnish  a  very  smooth  and  regular  curve 
when  plotted  on  cross-section  paper.  The  law  of  this  curve  is  such 
that  if  at  the  end  of  a  certain  period  of  time  (sa}'^  fifteen  minutes)  the 
depression  of  the  water  surface  in  the  well  is  half  of  the  original 
amount  of  depression  just  before  pumping  ceased,  then  at  the  end  of 
twice  that  period  of  time  (thirty  minutes)  the  depression  will  be  one- 
fourth  of  the  original  amount;  at  the  end  of  thrice  that  period  of  time 
(forty-five  minutes)  it  will  be  onc'cighth  of  the  original  amount,  etc. 
Four  cui*ves  of  rise  of  water  in  wells  are  given  in  fig.  61.  Curves  3 
and  4  are  from  the  same  well,  but  during  the  rise  shown  by  4  a  neigh- 
boring well  20  feet  distant  was  being  pumped. 

The  theoretical  law  of  rise  of  water  in  a  well  can  also  be  expressed 
by  a  formula,  as  follows: 

^       17. 25  A,      h 

In  this  formula  A  is  the  area  in  square  feet  of  the  cross  section  of 
the  well  casing,  counting  out  the  area  of  the  pump  rod,  suction  pipe,  or 
other  obstruction.  H  is  the  amount  in  feet  that  the  surface  of  the 
water  in  the  well  was  depressed  below  its  natuml  level  just  before 
pumping  stopped;  c  is  the  specific  capacity  of  the  well  expressed  in 
^Ilons  per  minute;  h  is  the  amount  in  feet  of  depression  of  the 
water  surface  below  the  natural  level  at  any  time  t  (in  minutes)  after 
pumping  ceased.  By  taking  two  corresponding  values  of  h  and  t  from 
the  curve  of  rise  of  water  surface,  the  specific  capacity  of  the  well  {c) 
can  easily  be  computed  from  the  formula 

c  =  17.25  —  log  -|  gallons  per  minute. 

Examples  of  use  of  this  formula  will  be  given  below  (p.  93).  The 
logarithm  indicated  by  'Mog"  is  the  common  or  Briggs  logarithm. 

The  following  reports  of  tests  on  small  wells  used  for  irrigation 
illustrate  the  importance  of  accurate  tests  of  this  kind  and  indicate  the 
sort  of  information  that  it  is  desirable  to  secure.  The  first  test  shows 
a  well-constructed  plant  giving  fair  service.  The  second  plant  shows 
a  well-constructed  plant,  but  indicates  not  onl}'  an  inefficient  style  of 
pump,  but  showed  an  expensive  waste  of  gasoline  through  a. hidden 
leak  in  the  feed  pipe. 

TESTS. 
TEST  I.     ON   WELL  AND  GASOLINE  PUMPINCJ    PLANT  OP  D.  H.  LOGAN,  GARDEN,  KANS. 

This  plant  is  located  on  the  northeast  corner  of  sec.  13,  T.  24  S., 
R.  33  W".,  and  is  in  the  northwest  corner  of  the  city  of  Garden.  The 
outfit  consists  of  a  6- horsepower  Fairbanks,  Morse  &  Co.,  horizontal 
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gasoline  engine  connected  b}^  a  belt  to  a  No.  3  centrifugal  pump.  Th*- 
well  is  constructed  of  a  20-inch  galvanized-iron  casing  8:i  feet  lon»5- 
perf orated  10  feet  up  from  the  bottom,  inside  of  which  are  two  4-iiich 
feeders  28  feet  long,  perforated  their  entire  length  and  extending"  'J*'* 
feet  below  the  bottom  of  the  20-inch  casing,  making  a  totjil  depth  of  3*^ 
feet.  The  pump  has  been  in  operation  since  April,  1902,  and  the 
engine  since  April,  1903.  The  water  was  measured  by  the  use  of  a 
fully  contracted  weir  with  a  length  of  crest  of  0.66  feet. 

The  engine  was  started  at  9  o'clock,  and  the  weir  was  read^-  for 
water  at  about  10.30.  The  water  was  turned  on  weir  and  the  head 
read  until  it  became  constant  at  1  p.  m.,  then  height  was  read  every 
live  minutes  until  2.30  p.  m.  In  order  to  determine  the  expense  of 
pumping,  all  of  the  gasoline  in  the  reservoir  was  used,  then  1  g^illon 
was  poured  in  and  the  length  of  the  run  noted  to  be  one  hour  and 
thirty-two  minutes,  or  two-thirds  gallon  per  hour.  As  the  engine  i> 
6  horsepower,  this  equals  0.111  gallon,  or  0.445  quart  of  gasoline  per 
horsepower  hour. 

The  average  corrected  head  on  the  weir  was  found  to  be  0.440  fei*t 
Using  the  weir  formula 

q=c  ^''^  >/2gb  H*^' *- 

where  6=.66,  and  c=.592,  the  diBcharge  is  found  to  be 

q=  9.604o  second-feet. 

=      272  gallons  per  minute. 

=  16,320  giillons  per  hour. 

Feet. 

Average  depth  to  water  while  pumping IS.  b 

Elevation  of  well  platform,  2,S;^5.26  feet. 

Normal  depth  to  water 1 1 .  "'> 

Amount  lowered  by  pumping H.  s.'i 

Distance  water  was  raised  alx)ve  platform S.  r> 

Total  distance  water  was  raised 22.  J 

Cost  of  pumping  was  therefore  0.9  cent  per  1,000  gallons,  or 
0.0406  cent  per  1,000  foot-gallons  (1,000  gallons  raised  1  foot). 

The  engine  ran  at  a  rate  of  350  revolutions  per  minute,  exploding 
143  times  per  minute.  The  diameter  of  engine  pulley  is  1(>  inches 
and  of  pump  pulley  10  inches.  This  gives  a  speed  somewhat  less  than 
560  revolutions  per  minute  to  the  pump. 

SEEPA(iE    AND    EVAPORATION. 

The  size  of  the  pond  was  40  by  60  feet,  mostly  covered  with  a  gn»en 
scum,  which  would  decrease  evapomtion.  As  to  seepage,  the  jXHid 
falls  8  inches  in  twelve  hours  at  night.  The  pond  being  2,400  square 
feet  in  area,  the  observed  seepage  represents  a  loss  of  16.68  gallon> 
per  minute,  which  should  be  added  to  tiie  capacity  of  pump  and  well, 
but  not  to  the  effective  capacit}'  for  Mr.  Logan. 
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There  is  a  windmill  20  feet  north  of  the  well  pumped  by  the  engine, 
a  12-foot  aermotor  connected  to  a  10-inch  pump  of  12-inch  stroke. 
After  the  weir  mea8urementH  were  completed  the  windmill  was  thrown 
into  gear.  There  was  a  brisk  wind  from  the  south  and  the  pump 
thi-ew  a  good  (juantity  of  water,  but  no  appreciable  lowering  of  the 
water  was  detected  in  the  well  ])eing  test<>d  20  feet  away.  The  rise  of 
the  water  in  the  well  was  obtained  twice. 

Below  are  the  two  sets  of  observations: 


First  trial; 

windmill  not  running. 
M  tonus.      punipiiiK. 

Second  trial;  wlndu 

Minuter.     S<'e<ind8. 

1 

till  running. 

Minutes. 

Stopped 
pumping. 

0 
1 

55 
05 

18.60 
16.  a5 

24             30 

1 

1 

;i5 

18.0 

1 

20 

14.  55 

45 

16.5 

1 

37 

12.  »5 

48 

14.35 

1 

55 

12.  50 

25             10 

13. 10 

8 

12.;i5 

26 

12.90 

22 

12. :« 

38 

12.55 

33 

12.  25 

48           12.55 

1                1 

48 

12. 15 

26  00           12.45 

23           12.25 

47           12.25 

58           12.25 
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The  curves  showing  the  rate  of  rise  of  water  in  the  Logan  well  after 
[Himping  ceased  are  given  by  curves  3  and  4  in  fig.  61.  The  curve  4 
is  the  one  which  was  produced  when  the  windmill  was  pumping  from 
H  well  20  feet  from  the  one  for  which  the  curve  is  drawn.  The  com- 
j)ari.son  of  this  curve  with  curve  3,  which  was  produced  when  the 
neighboring  well  was  not  used,  is  very  interesting,  showing  as  it  does 
a  less  rapid  rise  when  the  neighboring  well  was  in  use.  To  find  the 
sj:)ecific  capacity  for  the  Logan  well  from  these  curves  we  must  substi- 
tute the  values  of  the  various  constants  in  the  formula 

0=17.25   .  lojr.   .    gallons  \y^x  minute. 

The  value  of  A,  the  area  of  cross  section  of  the  well  casing,  is  2.17 
.square  feet,  and  of  H,  the  amount  the  water  is  lowered  by  the  pump, 
♦).85  feet.     The  amount  of  depression  h  of  the  water  level  below  the 
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natural  level  at  any  time  can  then  be  selected  from  the  curve  and  the 
specific  capacity  readily  computed.  If  t  be  taken  to  be  fort}'  seooncis, 
or  two-thirds  minute,  h  will  be  found  from  the  curve  to  equal  6.85— 
6.5=1.35  feet,  hence 

c=17.25  X  2  X  2.17  X  log  (^35)  gallons  per  minute. 
=39.5  gallons  per  minute. 

The  yield  of  the  well  for  the  maximum  depression,  6.85  feet,  must 

then  be 

6.85  X  39.5=270  gallons  per  minute. 

The  curve  of  rise  of  water  forms  one  of  the  best  methods  of  deter- 
mining the  yield  of  a  well.     Such  curves  can  readily  be  obtained. 
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Fio.  61.  Curves  .showing  the  rate  of  rise  of  water  in  the  Richter  and  Logan  wells  near  Garden,  Kaiis. 
Curve  1  (dotted),  first  trial  of  Richter  well:  curve  2  (solid),  second  trial  of  Richter  well;  curve  S 
(solid),  first  trial  of  Logan  well;  curve  4  (dotted),  second  trial  of  Logan  well. 

Well  data  should  always  include  measurements  of  the  amount  of 
lowering  of  the  water  surface  by  the  pumps,  and  it  is  only  necessary 
to  continue  these  measurements  after  the  pumps  have  stopped  to 
secure  sufficient  data  to  estimate  the  specific  capacity  and  total  yield 
of  the  well.  This  avoids  the  necessity  of  constructing  a  weir  or  other 
method  of  measuring  the  water  discharged.  The  accuracy  is  sufficient 
for  the  purpose  for  which  such  data  arc  used. 
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TBST  II.      ON   WELL   AND   GASOLINE   PrMPING   PLANT  OWNED  BY  MINNIE  RICHTER,  FINNEY 

t'OUNTY,    KANS. 

This  plant  is  located  in  the  northwest  corner  of  the  SW.  i  sec.  14, 
T.  24  S.,  R.  33  W.  The  upper  jmrt  of  this  well  is  cased  with  part  of 
«n  old  standpipe  from  the  city  of  Garden.  The  casing  is  10  feet  in 
diameter  and  extends  down  20  feet.  In  the  bottom  of  this  part  of  the 
well  are  placed  four  8-inch  galvanized-iron  feeders,  arranged  sym- 
metrically about  the  center.  Each  feeder  is  25  feet  long,  perforated 
itij  entire  length,  and  extends  al)out  2i  feet  above  the  bottom  of  the 
large  part  of  the  well. 

The  pump  used  operates  on  the  principle  of  a  screw  propeller  of  a 
steamship.  It  bores  the  water  out  and  up  a.  square  wooden  penstock 
or  pump  shaft.  There  are  two  of  these  propellers,  mounted  one  above 
the  other  on  a  vertical  iron  shaft  inside  the  penstock.  The  top  of  the 
iron  shaft  carries  the  lielt  pulley  and  has  a  shoulder  bearing  which 
takes  the  thrust  of  the  pump.  This  pump  (called  the  Menge)  is  made 
in  New  Orleans.  The  pump  is  run  by  a  10-horsepower  Otto  gasoline 
engine,  which  runs  at  a  speed  of  300  revolutions  per  minute.  The 
circumference  of  the  drive  pulley  is  5.25  feet  and  of  the  driven  puUe}^ 
2.65  feet,  making  the  pump  run  at  595  revolutions  per  minute.  The 
.screws  are  under  water  when  the  pump  is  not  in  operation.  A  small 
pond  was  constructed  at  the  end  of  the  discharge  trough,  and  a  fully 
contracted  rectangular  weir  of  length  Of  crest  of  1.2  feet  was  used  to 
measure  the  discharge.  The  measurements  for  head  were  taken  6  feet 
away  from  the  weir,  and  boards  were  inteiposed  between  the  dis- 
charge trough  and  weir  to  cut  down  the  velocity  which  might  tend  to 
give  erroneous  results.  The  average  corrected  head  on  the  weir  was 
0.371  feet.     Using  the  weir  fornmla 

and,  taking  c  from  Merriman's  tables  as  0.603, 

gf =0.876  second- feet, 
=394  gallons  per  minute, 
or  using  Francis  formula 

9=3.33  (6-0.2  11)  H^, 
=314  gallons  per  minute. 

Using  a  small  Price  acoustic  water  meter  in  the  discharge  trough, 
by  measuring  the  velocity  at  different  places,  and  also  by  integrating, 
the  discharge  was  found  to  be  0.76  second-feet  =^342  gallons  per  min- 
ute. By  putting  chips  in  the  discharge  trough  and  catching  the  time 
with  a  stop  watch,  the  surface  velocity  was  found  to  be  1.565  feet  per 
second.  This  multiplied  by  0.8  gives  an  avemge  velocity  of  1.25  feet 
per  second  and  a  discharge  of  0.884  second- feet = 31)7  gallons  per  minute. 

An  attempt  was  made  to  determine  the  amount  of  gasoline  used. 
The  reservoir  was  filled  full  and  the  engine  run  for  one  hour  and  thirty- 
six  minutes,  or  1.6  hours.     All  the  gasoline  we  had,  9i  quarts,  did  not 
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then  fill  the  tank.  This  was  at  noon,  July  6.  On  the  morning  of  July 
7,  9i  quarts  were  required  to  completely  fill  the  reservoir,  a  total  of 
18}  quarts  or  87i  pints  for  the  run  of  1.6  hours  for  a  lO-hor.sepower 
engine.  The  makers  claim  that  their  entwines  use  1  pint  per  hors< - 
power  hour.  This  would  require  in  this  case  16  pints  or  less  than  half 
of  what  was  actually  measured,  if  the  engine  developed  it^  f all  horse- 
power. A  leak  in  the  tank  or  feed  pipe  is  clearly  indicated.  Thi> 
fact,  while  being  of  value  to  the  owner  of  the  plant,  shows  the  reconl 
to  be  worthless  as  far  as  comparative  cost  of  pumping  is  concerned. 

Two  observations  of  the  rising  curve  were  obtained  which  agrc^c 
very  well.  The  lower  part  of  the  curve  is  not  accurate  because  the 
water  in  the  penstock  drops  ])ack  into  the  well  when  pumping  ceas*^. 

The  elevation  of  the  j^round  at  well  in 2,  ft4f^. «' 

Average  elevation  of  water  in  well 2,  S-tt>.  h 

Average  elevation  of  water  in  w^ell  when  pnniping 2,  s:Hl .  ■'» 

Elevation  of  discharge  from  penstock 2,  847.  «• 

Lift 1-3. 5 

Average  amount  water  is  lowered 5.3 

Number  of  explosions  of  engino,  126.5  per  minute. 

The  curves  of  rise  for  this  well  were  obtained  on  two  different  oc<*a- 
sions,  and  are  shown  as  curves  1  and  2  in  lig.  61.  They  agree  very 
well.  To  find  the  specific  capacity  of  the  well  from  the  curve,  we 
note  the  following  values  of  the  constants  in  the  formula  for  six^citic 

capacity: 

A        H 

c  =  17.25  Y  log  y-  gallons  per  minute. 

The  area,  A,  of  cross  section  of  the  well  casing  is  76.71^  scjuare  feet. 
The  amount,  II,  that  the  water  is  lowered  by  the  pump  is  5.3  feet. 
The  amount  of  depression,  //,  of  the  water  surface  below  the  natural 
level  at  any  time  can  be  selected  from  the  curve.  From  the  curve,  at 
the  close  of  ten  minutes,  h  equals  5.3  —  4  =  1.3  foot.  Hence  the  specific 
capacity, 

,„  „      76.79        5.3      ^,,       ,, 
c  =  l/.2r)  X     iQ     log  1  o  =  81  gallons  \m}V  mniuie. 

Multiplving  by  5.1,  the  head  under  which  pumping  took  place,  the 
total  yield  of  the  well  is  SI  x  5.3  =  429.3  gallons  a  minute. 

The  above  determination  of  the  specific  capacity  is  inaccurate,  since 
the  first  portion  of  the  rising  curve  docs  not  show  the  true  rate  of  rise 
of  water  in  the  well.  The  penstock  of  the  propeller  pump  holds  37.7 
cubic  feet  of  w^ater,  which  immediatelv  returns  to  the  well  when  the 
pump  is  stopped.  This  amount  of  water  is  sufficient  itself  to  raise  the 
level  in  the  well  by  0.465  foot.  For  this  reason  onlv  that  |X)rtion  of 
the  rising  curve  should  be  used  which  is  uninfluenced  by  the  return- 
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injr  water  from  the  penstock.  Thus,  if  we  use  that  part  of  the  curve 
from  ^=100  seconds  to  ^=600  seconds,  we  will  eliminate  the  inaccumte 
portion.  By  this  modification  the  data  are  changed  to  H=3.75  feet; 
/*  =  1.30  feet:  ^=|  minute.  Computing  the  specific  capacity  on  this 
Imsis  we  obtain  c=78  gallons  per  minute.  This  multiplied  by  5.3 
gives  the  total  estimated  yield  388  gallons  per  minute,  which  checks 
more  nearly  with  the  394:  gallons  per  minute  previously  obtained. 

The  area  of  the  surface  of  the  strainers  and  the  bottom  of  the  well 
is  266.5  square  feet.  The  above  specific  capacity  divided  b}'  266.5 
gives  .341  gallon  per  minute  as  the  specific  capacity  per  square  foot 
of  percolating  surface. 

The  engine  ran  at  a  speed  of  300  revolutions  per  minute  and  exploded 
125  times  per  minute.  This  would  indicate  that  it  was  working  at 
about  83  per  cent  of  its  rated  capacity.  Assuming  that  such  was  the 
case,  and  that  it  would  then  use  83  per  cent  of  the  fuel  necessary  to 
run  it  at  is  full  rated  power  (10  horsepower),  we  have  8.3  pints  as  the 
probable  aniount  of  gasoline  used  per  hour  by  the  engine  during  the 
test.  This,  at  20  cents  per  gallon,  would  make  a  cost  of  21  cents  per 
hour.  This  assumption  makes  the  cost  of  water  0.89  cent  per  1,000 
gallons,  $2.90  per  acre-foot,  and  one-seventeenth  cent  per  1,000  foot- 
gallons. 
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CHAPTER    Vlir. 

THE    CALIFORNIA    OR    ** STOVEPIPE"    METHOD    OF  A^T^LL 

CONSTRUCTION  FOR  WATER  SUPPLY. 

MODE   OF   CONSTRUC^TION. 

The  peculiar  conditions  of  water  supply  existing  in  southern  Cali- 
fornia have  led  to  the  development  of  a  special  type  of  well,  which  the 
writer  believes  to  be  admirably  adapted  to  conditions  found  in  mam 
places  in  the  various  parts  of  the  United  States.  It  is  hoped  that  the 
following  account  will  call  the  attention  of  those  interested  in  recov- 
ering ground  water  in  large  quantities  to  the  many  points  of  excellence 
of  the  California  t3'pe  of  well  and  method  of  well  construction. 

The  valleys  of  southern  California  are  filled  with  deposits  of  moun- 
tain debris,  gravels,  sands,  bowlders,  clays,  etc.,  to  a  depth  of  several 
hundred  feet,  into  which  a  considerable  part  of  the  run-off  of  the 
mountains  sink.  The  development  of  irrigation  upon  these  valleys 
soon  became  so  extensive  that  it  was  necessar}^  to  supplement  more 
and  more  the  perennial  flow  of  the  canyon  streams  by  ground  water 
drawn  from  wells  in  the  gravels.  This  necessity  was  greatly  accen- 
tuated by  a  series  of  dry  years,  so  that  ground  waters  became  a  morst 
valuable  source  of  auxiliary  supply  for  irrigation  in  the  important  citrus 
areas  in  southern  California.  The  type  of  well  that  came  to  the  front 
and  developed  under  these  circumstances  is  locally  known  as  the 
'' stovepipe"  well.  It  seems  to  suit  admirably  the  conditions  pre- 
vailing in  southern  California.  In  developing  water  supply  for  irri- 
gation the  item  of  cost  is  of  course  much  more  strongly  emphasized 
than  in  developments  for  municipal  supply.  The  drillers  of  wells  in 
California  were  confronted  not  only  with  a  material  which  is  almost 
everywhere  full  of  bowlders  and  like  kinds  of  mountain  debris,  but 
also  with  a  high  cost  of  labor  and  of  well  casings.  Itwas  undoubtedly 
these  difficulties  that  led  to  the  ver}"  general  adoption  in  California  of 
the  stovepipe  well. 

The  wells  are  put  down  in  the  gravel  and  bowlder  mountain  out- 
wash,  or  other  unconsolidated  material,  to  any  of  the  depths  common 
in  other  localities.  One  string  of  casing,  in  a  favorable  location,  has 
been  put  down  over  1,800  feet.  The  usual  sizes  of  casings  are  8,  lo, 
12,  14  inches,  and  even  larger.  A  common  size  is  12  inches.  The 
well  casing  consists  of:  First,  a  riveted  sheet  steel  '* starter-'  15  to 
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2i)  feet  long,  made  of  two  or  three  thicknesses  of  No.  10  sheet  steel, 
with  a  forged  steel  shoe  at  the  lower  end.  PI.  XII,  A,  shows  a 
starter  21  feet  long,  made  of  double  No.  10  sheet  steel,  with  a  f-  by  8- 
by  12-inch  steel  shoe  riveted  on  the  bottom.  In  ground  where  large 
lK)wlders  are  encountered  the  starters  are  made  heavier,  the  shoe  is 
1  inch  thick  and  12  inches  long,  and  three-ply  instead  of  two-ply  No.  10 
sheet  steel  l)odv  is  used. 

« 

Above  the  starter,  the  rest  of  the  well  casing  consists  of  two  thick- 
nesses of  No.  12  sheet  steel  made  into  riveted  lengths,  each  2  feet  long. 
One  set  of  sections  is  made  just  enough  smaller  than  the  other  so  that 
one  length  will  telescope  snugly  inside  of  the  other.  Each  outside 
section  overlaps  the  inside  section  1  foot,  so  that  a  smooth  surface 
results  both  outside  and  inside  of  the  well  when  the  casing  is  in  place, 
and  so  that  the  break  in  the  joint:^  is  always  opposite  the  middle  of  a 
2-foot  length.  It  is  these  short,  overlapping  sections  which  are  popu- 
larh'  known  as  "stovepiping."  A  pile  of  this  casing  ready  for  use  is 
shown  in  PI.  XIII,  A,  and  two  lengths  are  shown  on  a  larger  scale  in 
PI.  XII,  B,  The  sheets  of  steel  can  be  taken  to  the  field  flat  and  the 
riveting  done  during  the  process  of  well  construction. 

The  casing  is  sunk  by  large  steam  machinery  of  the  usual  oil-well 
type,  but  with  certain  very  important  modifications.  The  well  rig 
shown  in  PI.  XIII  has  a  derrick  with  mast  40  feet  high.  When  ready 
to  move,  the  mast  swings  backward  on  hinges  with  the  top  resting  on 
upright  at  the  rear  end  of  the  rig,  as  shown  in  fig.  63.  Jackscrews 
are  placed  under  the  sills  and  the  whole  machine  is  raised  sufficiently 
to  allow  wheels  to  be  placed  on  two  axles  bolted  to  the  sills.  The 
photograph  reproduced  in  PI.  XIII  also  shows  a  25-horsepower  boiler 
mounted  on  separate  trucks.  The  10-inch  sand  pump  and  jars  are 
shown  just  as  they  have  been  pulled  out  of  a  12-inch  well. 

In  ordinary  material  the  *^sand  pump"  or  ''sand  bucket"  is  relied 
upon  to  loosen  and  remove  the  material  from  the  inside  of  the  casing. 
The  casing  itself  is  forced  down,  length  b}'  length,  l)v  two  or  more 
hydraulic  jacks,  buried  in  the  ground  and  anchored  to  two  timbers 
1+  inches  square  and  16  feet  long,  planked  over  and  buried  in  9  or  10 
feet  of  soil.  These  jacks  press  upon  the  upper  sections  of  the  stove- 
piping  by  means  of  a  suitable  head.  In  PI.  XIII,  Ji^  the  clevises  of  the 
pistons  of  the  hydraulic  jacks  can  l)e  seen  hooked  over  the  ears  of  the 
well  cap.  The  jacks,  whose  clevises  appear  in  the  cuts,  have  8-inch 
piston  and  4:i-foot  stroke,  and  a  combined  pull  of  about  120  tons.  The 
driller,  who  stands  at  the  front  of  the  rig,  has  complete  control  of  the 
engine,  hydraulic  pump,  and  valves  by  which  pistons  are  moved  up  or 
down,  and  also  of  the  lever  which  controls  two  clutches  which  cause 
tools  to  work  up  and  down  or  to  be  hoisted.  The  hydraulic  pump 
is  mounted  upon  the  main  frame  of  derrick,  as  shown  in  PI.  XIV^,  H, 
The  one  shown  is  a  Marsh  pump  with  a  steam  cj^inder  of   8-inch 
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iliameter,  and  water  cylinder  of  If-inch  diameter  with  12-inc)i  stroke. 
It  is  coupled  to  the  jacks  with  extra  strong  if-ineh  hydraulic  pipe  and 
fittings.  Smaller  rigs  use  a  pump  with  t!i-inch  sjteam  by  li-iiich  water 
cylinders,  10-iiich  stroke,  and  coupled  to  jackfj  with  J-inch  pipe.  A 
boiler  pressure  of  lOO  pounds  puts  nearly  a  limiting  stress  on  the 
i-inch  pipe  and  it  sometimes  breaks. 
The  sand  pumps  used  are  unu.sually  large  and  heavy.  For  l^-inch 
work  they  will  vary  in  length  from  1^  to  10 
feet,  lOJ  inches  in  diameter,  and  will  weigh, 
with  lower  half  of  jai-s,  from  1.100  to  l.-fm 
pounds. 

After  the  well  has  been  foi'ced  to  the  re- 
quired depth,  a  cutting  knife  is  lowered  into 
the  well  and  vertical  slits  are  cut  in  the 
casing  where  desired.  A  record  of  material 
encountered  in  digging  the  well  is  kept,  and 
the  perfoi'ations  are  made  opposite  such 
water-bearing  strata  as  may  be  most  advan- 
tageously drawn  upon.  A  well  5<X)  fei't 
deep  may  possess  400  feet  or  more  of  screen 
if  circumstances  justify  it. 

PI.  XIV,  A  shows  the  perforator  for  slit- 
ting stovepipe  casing.     It  is  handled  with  a 
:-t-inch  standard  pipe  with  j-inch  standard 
pipe  on  the  inside.    The  perforator  is  shown 
in   cutting   position    with   knife   extended. 
In  going  down  or  in  coming  out  of  the  wt'll 
the  weight  of  }-inch  line  holds  point  of  knife 
up.     When  ready  to  "stick"  the  J-inch  line 
is  rai.sed.     By  niising  slowly  on  2-inch  h'nf 
with  hydraulic  jacks,  cuts  are  made  three- 
eighths  inch  to  three-fourths  inch  wide  and 
ti  to  12  inches  long,  according  to  the  material 
lit  that  particular  depth. 
■      Fig.  62  shows  another  type  of  perforat- 
g  ing  knifo.     The  revolving  cutter   punches 
ishowTi  five  holes  at  each  revolution  of  the  wheel. 
'"  *"'■  ^^'-  This  style  of  perforator  i.s  called  a  *'  rolling 

knite."     By  means  of  this  tool  60  feet  of  perforations  were  cut  in  the 
well  shown  in  PI.  XV. 

A  great  many  different  kinds  of  perforators  are  in  use  in  California: 
in  fact,  the  perforator  is  a  favorite  hobby  of  local  invento*^.  The 
different  patterns  in  use  seem  to  work  well.  Those  shown  in  the 
illustrations  are  very  good. 


■r  lypi'  of  i.Krri.r. 

itovcplpc  wells. 
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ADVANTAGES  OF    *' STOVEPIPE ''   CONSTRUCTION. 

The  advantages  of  this  method  of  well  construction  are  quite  obvious. 
For  wells  in  unconsolidated  material  the  California  type  is  undoubt- 
edly the  best  yet  devised.  It  is  believed  that  wells  of  this  type  would 
be  highly  successful  in  the  unconsolidated  deposits  in  other  localities. 
The  absence  of  bowlders  and  very  coarse  gravels  in  some  deposits  may 
possibly  make  it  more  advantageous  to  use  the  hydraulic  jet  instead  of 
the  ponderous  sand  bucket  in  soft  material,  but  this  is  the  only  modi- 
fication that  these  conditions  seem  to  suggest." 

Among  the  special  advantages  in  the  stovepipe  construction  may 
be  enumerated  the  following: 

1.  The  absence  of  screw  joints  liable  to  break  and  give  out. 

2.  The  flush  outer  surface  of  the  casing  without  couplings  to  catch 
on  bowlders  or  hang  in  clay, 

3.  The  elastic  character  of  the  casing,  permitting  it  to  adjust  itself 
in  direction  and  otherwise  to  dangerous  stresses,  to  obstacles,  etc. 

4.  The  absence  of  screen  or  perforation  in  any  part  of  the  casing 
when  first  put  down,  permitting  the  easy  use  of  sand  pump  and  the 
penetration  of  quicksand,  etc.,  without  loss  of  well. 

5.  The  cheapness  of  large-size  casings  because  made  of  riveted  sheet 
steel. 

6.  The  advantage  of  short  sections,  permitting  use  of  hydraulic  jacks 
in  forcing  casing  into  the  ground. 

7.  The  ability  to  perforate  the  casing  at  any  level  at  pleasure  is  a 
decided  advantage  over  other  construction.  Deep  wells  with  much 
screen  may  thus  be  heavily  drawn  upon  with  little  loss  of  suction  head. 

8.  The  character  of  the  perforations  made  by  the  cutting  knife  are 
the  best  possible  for  the  delivery  of  water  and  avoidance  of  clogging. 
The  large  side  of  the  perforation  is  inward,  so  that  the  casing  is  not 
likely  to  clog  with  silt  and  debris 

9.  The  large  size  of  casing  possible  in  this  system  permits  a  well  to 
be  put  down  in  bowlder  wash  where  a  common  well  could  not  possibly 
be  driven. 

10.  The  uniform  pressure  exerted  by  the  hydraulic  jacks  is  a  great 
advantage  in  safety  and  in  convenience  and  speed  over  any  system 
that  relies  upon  the  driving  of  the  casing  by  a  weight  or  ram. 

11.  The  cost  of  construction  is  kept  at  a  minimum  b}-  the  limited 
amount  of  labor  required  to  man  the  rig  as  well  as  by  the  good  rate 
of  progress  possible  in  what  would  be  considered  in  many  places 
impossible  material  to  drive  in,  and  by  the  cheap  form  of  casing. 

COST  OF   CONSTRUCTION. 

An  idea  of  the  cost  of  construction  of  these  wells  can  l)est  be  given 
b}'  quoting  actual  prices  on  some  recent  construction  in  California. 

a  A  12-iDch  Stovepipe  well  was  sunk  to  a  depth  of  'Z,WO  feet  on  trie  Lanoria  Mesa,  7  miles  northeast 
of  El  Pa.<K>,  Tex.    The  last  2,000  feet  was  dnlled  m  dry  clay  by  use  of  a  powerful  h\'drauiic  jet. 
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According  to  contracts  recently  let  near  Los  Angeles  the  cost  of 
12-inch  wells  wavS  50  cents  per  foot  for  the  first  1(X)  feet  and  25  cent> 
additional  per  foot  for  each  succeeding  50  feet^  casing  to  be  furnished 
free.  This  makes  the  cost  of  a  500-foot  well  $700  in  addition  to  ca^^in^. 
The  usual  type  of  12-gage,  double,  stovepipe  casing  is  about  $1.05  a 
foot,  with  $40  for  12-foot  starter  with  three-fourths  by  8-inch  steel 
ring  or  shoe.  The  pay  of  a  good  driller  is  $5  a  da}^  of  helpers  $:i..>> 
a  day.  The  cost  of  drilling  will  run  higher  than  that  given  above  in 
localities  where  large  and  numerous  bowlders  are  encountered. 

WELL   RIGS. 

Pis.  Xlll  and  XIV,  Zf,  show  a  new  rig  of  very  excellent  type  owned 
by  Mr.  E,  W.  Riggle,  Los  Angeles,  Cal.     The  drillers  build  their  own 


Fir..  63.— Plan  and  I'levation  of  derrick  for  California  well  rig. 

rigs  according  to  their  own  ideas,  so  that  no  two  rigs  are  exactly  alike — 
that  is,  the  drillers  pick  out  the  castings  and  working  jmrts  and  mount 
them  according  to  ideas  that  experience  has  taught  them  are  the  best 
for  the  wash  formations  in  which  they  must  work.  A  scale  drawing 
of  derrick  is  shown  in  fig.  63. 

In  PL   XV  is  shown   another  excellent  California  rig  owned  by 
Mr.  J.  B.  Proctor,  of  Compton,  Los  Angeles  Count\\     As  it  appears 
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in  the  cut  it  has  just  finished  a  12-inch  well  which  flows  404  miner's 
inches,  or  about  5,250,000  gallons  per  twenty -four  hours.  This  well 
is  848  feet  deep  and  has  about  60  feet  of  perforations.  Mr.  Proctor 
used  four  hydraulic  jacks  in  sinking  this  well,  developing  a  pressure 
of  160  to  200  tons. 

YIELD  OF   WELLS. 

It  is  not  very  profitable  to  name  individual  wells  of  this  type  and 
g-ive  their  yield,  since  conditions  vary  so  much  from  place  to  place. 
From  the  method  of  construction  it  must  be  evident  that  this  type  of 
well  IS  designed  to  give  the  very  maximum  yield,  as  every  water- 
bearing stratum  can  be  drawn  upon.  The  yield  from  a  number  of 
wells  in  California  of  average  depth  of  about  250  feet,  pumped  by  cen- 
trifugal pumps,  varied  from  about  25  to  150  miner's  inches,  or  from 
300,000  to  2,000,000  gallons  a  day.  These  are  actual  measured  yields 
of  water  used  for  irrigation. 

Among  the  very  best  flowing  wells  in  southern  California  are  those 
near  Long  Beach.  The  Boughton  well,  the  Bixby  wells,  and  the  wells 
of  the  Sea  Side  Water  Company  are  12-inch  wells  varying  from  500  to 
700  feet  in  depth  and  flowing  about  250  miner's  inches  each,  or  over 
3,000,000  gallons  per  twenty-four  hours.  The  well  shown  in  PL  XV 
is  located  about  4  miles  northeast  of  Long  Beach  and  its  flow  is  the 
greatest  yet  reported. 

Among  the  records  of  depth  are  those  of  1,360  feet  for  10-inch  well 
and  915  feet  for  12-inch  well.  Mr.  Proctor  has  bored  a  14-inch  well 
more  than  704  feet  in  depth. 


CHAPTER    IX. 

TESTS   OF  TYPICAIi  PUMPING  PIuAXTS. 

In  connection  with  the  general  discussion  of  movement  of  under- 
ground waters  it  has  been  thought  that  a  few  descriptions  of  charac- 
teristic tests  of  pumping  plants  would  be  of  interest  and  value.  With 
this  idea  in  view  a  number  of  typical  plants,  including  several  different 
classes,  have  been  selected  from  the  large  number  examined  and 
descriptions  of  the  tests  prepared. 

The  Felix  Martinez  pumping  plant  is  run  by  electric  power  and 
gives  a  good  chance  to  see  what  can  be  done  with  combination  of 
centrifugal  pump  and  electric  motor  in  the  recovery  of  water  for  irri- 
gation. The  pumping  plant  of  J.  A.  Smith  is  of  special  interest  on 
account  of  a  very  low  cost  of  power,  due  to  the  use  of  petroleum  gas 
generated  from  crude  oil.  The  test  of  Roualt's  pumping  plant  is*  of 
great  interest  on  account  of  the  use  of  steam  engine  with  wood  as  fuel. 
The  wood  was  obtained  at  a  very  low  price  per  cord,  yet  the  showing 
in  the  cost  per  acre-foot  will  not  compare  with  the  plants  that  use 
gasoline  engines  with  gasoline  at  17  cents  a  gallon.  The  last  pumping 
plant  reported  upon,  that  of  the  Horaco  Ranch  Company's  well  No.  1, 
is  of  special  interest  on  account  of  the  all-around  excellence  and  effi- 
ciency of  the  plant.  The  table  that  is  inclosed  summarizes  the  results 
at  all  of  the  plants  and  gives  items  of  cost. 

TEST   OF   PUMPING    PIJINT   OF   FELIX   MARTINEZ    NEAR   EL   PASO,  TEX. 

The  pumping  plant  on  the  ranch  of  Mr.  Felix  Martinez,  of  which  a 
test  was  made,  is  located  near  the  main  county  road  east  of  El  Paso, 
about  8  miles  ^from  the  court-house.  The  plant  consists  of  a  No.  5 
Byron  Jackson  horizontal -shaft  centrifugal  pump,  run  by  a  General 
Jilectric  10-horsepower  direct-current  motor,  type  C.  E.,  class  4.  The 
pump  is  located  in  a  pit,  and  is  connected  to  a  6-inch  well.  The  well 
is  68  feet  deep,  measured  from  the  surface  of  the  ground,  and  has  ll) 
feet  of  perforated  or  slotted  galvanized -iron  strainer  at  the  bottom. 
The  gravels  were  reached  at  a  depth  of  56  feet,  and  consisted  of  fairly 
large  gravel,  containing  a  large  quantit}^  of  fine  sand.  The  pump  is 
connected  with  the  well  by  a  5-inch  suction  pipe  and  discharges  through 
a  vertical  and  horizontal  5-inch  discharge  pipe  into  a  rectangular 
flume.     The  discharge  was  measured  b}"  integrating  with  a  Price  acous- 
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tic  current  meter  in  the  rectangular  flume.  The  average  depth  of 
water  at  the  cross  section  of  flume  where  measurements  were  taken 
was  0.475  foot.  The  average  width  of  flume  was  0.992  foot,  giving  an 
area  of  0.470  foot.     The  mean  velocity  of  the  water  at  the  selected 
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Fig.  64. — Conditions  at  pumping  plant  of  Felix  Martinez  near  El  Paso,  Tex. 

cross  section  was  1.78  feet  per  second,  giving  total  discharge  of  0.838 
cubic  foot  per  second,  or  378  gallons  a  minute. 

The  vacuum  gage  was  attached  to  the  goose  neck  of  the  centrifugal 
pump.     The  vacuum  shown  after  a  few  minutes  pumping  was  18 
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inches,  but  it  gmdually  fell  to  24i  inches  at  the  close  of  the  first  half 
hour,. where  it  remained  constant  during  the  next  hour.  The  vacuuiu. 
when  corrected  for  altitude,  is  equivalent  to  22.5  inches  of  mercury , 
or  25.6  feet  of  water. 

The  elevation  of  the  water  plane  on  August  29,  1904,  was  3,643.  Iv? 
feet  above  sea  level.  The  elevation  of  tap  of  vacuum  gage  wavS  3,646.47 
feet.  The  elevation  of  top  of  discharge  pipe  was  3,659.90  feeL  The 
total  lift  is,  therefore,  38.93  feet,  and  the  amount  the  water  level  in 
the  well  was  lowered  by  pumping  was  22.16  feet.  From  this  the  spe- 
cific capacity  of  the  well  can  be  determined  to  be  17.5  gallons  a  min- 
ute. The  area  of  the  well  strainer  is  14.4  square  feet,  from  which  we 
conclude  that  the  specific  capacity  for  each  square  foot  of  well  screen 
was  1.21  gallons  a  minute. 

The  amount  of  electric  current  used  during  the  pumping  was  deter- 
mined by  means  of  a  Westinghouse  watt  meter.  The  current  used  in 
one  hour's  test  (average  speed  of  motor,  1,485  revolutions  a  minute) 
was  4,950  watt«.  The  speed  of  the  pump  was  1,028  revolutions  si 
minute.  The  pulley  dimensions  are  as  follows:  Pulley^  on  motor,  74 
inches  diameter;  driven  pullej^  on  countershaft,  24  inches;  driving 
pulley  on  countershaft,  14  inches;  pulley  on  pump  shaft,  6  inches. 

The  horsepower  actually  used  at  the  plant  is  the  equivalent  of  4,95<> 
watts,  or  6.64  horsepower.  The  power  represented  by  the  discharge 
of  0.838  second-foot  of  water  lifted  38.93  feet,  is  equivalent  to  2,030 
foot-pounds  per  second,  which  is  equal  to  3.7  effective  horsepower. 
Comparing  the  applied  horsepower,  6.64,  with  the  effective  hors**- 
power,  3.7,  the  total  efficiency  of  the  plant  is  found  to  be  55.5  per 
cent.  The  duty  of  the  plant  can  be  found  by  comparing  4,950  watt**, 
the  electrical  energy  consumed  in  one  hour,  with  655,200  foot-gallons, 
the  work  done  by  the  pump  in  one  hour.  The  resulting  duty  is 
132,400  foot-gallons  of  water  per  kilowatt  hour  of  electric  current. 

At  5  cents  per  kilowatt  per  hour,  the  cost  of  power  for  raising-  the 
water  at  the  Martinez  plant  was  one  twentj^-seventh  of  a  cent  for  each 
1,000  gallons  of  water  raised  1  foot,  or  $3.43  for  each  acre-foot  of 
water  recovered.  The  labor  cost  being  very  small  in  an  electrically 
driven  plant,  the  total  cost  per  acre-foot,  including  depreciation, 
interest,  labor,  etc.,  did  not  exceed  $5.75  per  acre-foot. 

TEST   OF   PUMPING   PLANTS   OF   J.  A.  SMITH,  NEAR  EL   PASO,  TEX. 

The  pumping  plants  of  J.  A.  Smith  are  located  8  miles  east  of  El 
Paso,  Tex.,  near  the  right  of  wa}^  of  the  Southern  Pacific  Railroad. 
There  are  two  plants  on  the  same  ranch.  At  the  first  or  older  plant 
there  are  three  wells  arranged  in  a  row,  40  feet  apart.  The  pump  pit 
is  over  the  middle  well,  which  is  an  8-inch  well,  62  feet  deep,  measured 
from  the  top  of  the  ground.  Fine  sand  and  quicksand  were  encoun- 
tered in  sinking  this  well  until  a  depth  of  50  feet  was  reached,  when* 
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coarse  gravel  containing  niiioh  fine  material  was  encountered.  There 
was  only  12  feet  of  this  coarse  gi-avel.  Ten  feet  of  slotted  galvanized- 
iron  strainer  with  hit-and-miss  slits  was  placed  at  the  bottom  of  this 
well.  The  east  well  is  6  inches  in  diameter  and  73  feet  deep.  The 
gravel  at  this  point  was  found  to  be  22  feet  deep.  A  16-foot  slotted 
.strainer  was  used  in  this  well.  The  west  well  is  also  a  6-inch  well  and 
is  61  feet  deep.  The  gravel  was  found  to  be  11  feet  deep,  and  a  10- 
foot  slotted  strainer  was  used  in  the  well.  All  of  the  strainers  have 
Y^-i^^h  by  li-inch  slots,  or  perforations.  The  horizontal  8-inch  suc- 
tion pipe,  which  extends  from  the  central  well  to  the  east  and  west 
wells,  is  14  feet  below  the  top  of  the  ground. 
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Fio.  65.— Conditions  of  pumping  plant  of  J.  A.  Smith,  near  Kl  Paso,  Tex. 

The  water  is  pumped  by  a  No.  6  Fairbanks-Morse  horizontal-shaft 
centrifugal  pump,  connected  with  rope  drive  to  a  28-horsepower  gaso- 
line engine,  with  crude  oil  gas  generator  attached.  The  fact  that  the 
engine  is  run  bj^  producer  gas  generated  from  Texas  crude  petroleum 
renders  this  plant  of  especial  interest.  The  fuel  cost  relative  to  the 
amount  of  water  recovered  is  the  lowest  that  the  writer  has  recorded 
for  a  small  plant.  The  crude  oil  gas  generator  has  been  in  operation 
several  months,  running  continuously  day  and  night,  except  for  a  clean- 
ing each  week  or  two.  When  the  generator  is  kept  clean  there  is  little 
trouble  from  carbon  passing  from  the  generator  into  the  cylinder  of 
the  engine  and  cutting  out  the  cylinder  and  packing.  The  plant  must 
be  pronounced  a  decided  success,  as  the  further  account  to  be  given 
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will  show.     The  speed  of  the  engine  wa8  159,  and  of  the  pump  544 
revolutions  a  minute. 

The  discharge  was  measured  by  integrating  with  a  Price  a<jousti<- 
current  meter  in  a  rectangular  flume.  The  average  depth  of  the  wai<-r 
at  the  selected  cross  section  was  0.53  foot,  and  the  average  width  wa*- 
1.S7  feet,  giving  an  effective  cross  section  of  0.992  square  foot.  The 
average  velocit}'  of  the  water  at  this  cross  section  was  found  to  bt- 
2.085  feet  per  second,  giving  a  discharge  of  2.075  second-feet  or  *.*34 
gallons  a  minute.  This  meaAJurement  of  discharge  was  made  after 
three  months  of  continuous  pumping  day  and  night.  The  elevation  of 
the  vacuum-gage  tap  was  3,631.06,  and  it  was  located  1.917  feet  alK>ve 
the  top  of  horizontal  suction  pipe.  The  elevation  of  the  water  plane 
on  September  8,  1904,  was  3,624.60,  and  the  elevation  of  the  middle  uf 
the  8-inch  opening  in  the  tee  in  the  side  of  vertical  discharge  pipe, 
from  which  the  water  enters  a  horizontal  wooden  flume,  was  3,645.0."j. 
The  vacuum  read  22  inches,  or  20  inches  of  mercurv  when  corre<*t<Hl 
for  altitude,  which  is  equivalent  to  22.7  feet  of  water.  The  total  lift 
is  therefore  36.7  feet.  The  water  is  lowered  in  the  wells  16.24  feet 
b}"  pumping,  which  gives  a  specific  capacity  for  the  three  wells  of  57.4 
gallons  a  minute.  The  total  area  of  surface  of  the  strainers  in  all  of 
the  wells  is  56.7  square  feet,  from  which  we  can  deduce  a  specific 
capacity  of  1.01  gallons  a  minute  for  each  square  foot  of  strainer. 

Several  accurate  tests  of  the  amount  of  fuel  consumed  at  this  plant 
have  been  made.  One  test  was  made  by  the  manufacturers  of  the 
gas  generator,  and,  consequently,  the  consumption  of  crude  oil  appears 
at  a  minimum  in  this  test.  This  test  lasted  seventv-four  hours  and 
fifteen  minutes.  The  amount  of  crude  oil  consumed  was  241  gallons, 
or  3.24  gallons  per  hour.  At  3  cents  a  gallon  this  makes  the  cost  ff)r 
oil  $2.34  per  day  of  twenty -four  hours.  The  cost  for  each  1,00<>  gal- 
lons of  water  recovered  was  therefore  If  mills,  or  ten  fifty-sevenths 
of  a  cent.  This  is  at  the  rate  of  57  cents  per  acre-foot  of  water.  The 
lift  being  37  feet,  this  makes  the  cost  of  1,000  gallons  lifted  1  foot 
(1,000  ''foot-gallons")  one  two  hundred  and  tenth  of  a  cent. 

Another  experimental  test  of  the  plant  was  made  when  the  engine 
was  in  charge  of  the  regular  help  employed  on  the  ranch.  No  eflTort 
w^as  made  to  save  oil  or  make  a  record,  everything  being  managed 
exactly  as  it  w^as  during  several  months  of  pumping  for  irrigation. 
The  test  w^as  for  forty  and  one-half  hours,  extending  over  four  con- 
secutive days  of  about  ten  working  hours  each.  The  amount  of  crude 
oil  used  was  163.5  gallons,  or  97  gallons  per  twentj'^-four  hours,  or 
4.03  gallons  per  hour.  This  represents,  therefore,  the  actual  rate  at 
which  oil  was  consumed  during  the  irrigation  season.  The  cos^t  is 
$2.90  per  twenty -four  hours,  or  12  cents  per  hour.  The  cost  of  fuel 
for  each  1,000  gallons  of  water  delivered  was  ten  forty -sixths  of  a  cent. 
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a. lid  the  cost  of  1,000  foot-gallons  was  one  one  hundred  and  seventy- 
first  of  a  cent. 

The  cost  of  the  water  at  the  same  plant,  when  pumped  with  gasoline, 
%vas  also  determined.  A  test  of  eleven  hours'  run  with  same  engine, 
using  gasoline  instead  of  crude  oil  gas,  consumed  40  gallons  of  gaso- 
line, or  3.64  gallons  per  hour.  At  14  cents  a  gallon,  the  hourly  cost 
for  gasoline  was  $0.51,  which  makes  the  cost  of  each  1,000  gallons  of 
water  pumped  $0.0092.  The  cost  per  1,000  foot-gallons  was  $0.000236, 
or  one  fortv-second  of  a  cent. 

The  above  estimates  do  not  represent,  of  course,  the  total  cost  of 
pumping,  as  no  items  have  been  included  to  cover  interest,  deprecia- 
tion, labor,  etc. 

The  926  gallons  a  minute  furnished  by  the  above  plant  amounts  to  a 

little  over  2  second-feet,  or  4  acre-feet  per  twenty-four  hours.     The 

cost  of  fuel  per  acre-foot  of  water  was,  therefore,  73  cents  when  using 

(•rude  oil,  and  $2.1)9  an  acre-foot  when  using  gasoline  at  14  cents  a 

^gallon. 

TEST  OF    ROUALT's   PUMPING    PLANT   NEAR   LAS   CRUCE8,  N.  MEX. 

A  test  was  made  at  the  pumping  plant  of  Theodore  Koualt,  located 
on  a  ranch  about  3  miles  northwest  of  Las  Cruces,  N.  Mex.  Water 
is  obtained  from  a  10-inch  well,  48  feet  deep,  containing  10  feet  of 
91-inch  slotted  galvanized-iron  strainer.  Water  is  recovered  by  a  No. 
3  Van  W^ie  vertical-shaft  centrifugal  pump,  driven  by  a  10-horsepower 
Nagle  steam  engine,  on  18-horsepower  horizontal  wood-burning  boiler. 
The  ehgine  is  directly  belted  to  pump  shaft  by  means  of  30-inch  driv- 
ing and  12-inch  driven  pulley.  The  water  is  discharged  through  an 
8-inch  vertical  discharge  pipe  into  a  rectangular  flume. 

The  speed  of  engine  was  205  revolutions  per  minute,  and  that  of  the 
pump  was  525.  The  steam  pressure  varied  between  81  and  83  pounds. 
The  distance  from  vacuum-gage  tap  to  the  water  plane  was  3.64  feet. 
The  distance  of  vacuum-gage  tap  to  top  of  bottom  plank  of  flume  was 
7.96  feet,  and  from  tap  to  top  of  water  jet  the  distance  was  8.66  feet. 

The  vacuum  gage  read  24.25  inches,  which  is  equivalent,  when  cor- 
rected for  altitude,  to  22.25  inches  of  mercury,  or  25.5  feet  of  water, 
making  the  total  lift  34.16  feet.  The  discharge  was  measured  by 
integrating  with  a  Price  acoustic  current  meter  in  the  rectangular 
flume.  The  width  of  flume  was  1.19  feet  and  the  average  depth  of 
water  at  the  selected  cross  section  was  0.35  foot,  giving  a  cross  section 
of  0.417  square  foot. 

The  average  velocity  of  the  water  at  the  selected  cross  section  was 
1.867  feet  per  second,  which  gives  a  discharge  of  0.78  second-foot,  or 
351  gallons  a  minute.  From  this  we  deduce  the  specific  capacity  of 
the  well  to  be  16.3  gallons  a  minute,  and  the  specific  capacity  for  each 
square  foot  of  well  strainer  is  0.627  gallon  a  minute. 
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The  cost  of  fuel  used  for  pumping  can  be  readily  estimated  from 
careful  U-cts  by  Mr.  Koualt.  For  one  irrigation  of  a  70-acre  field  of 
tomatoej<,  twenty -eiglit  days  of  twenty-four  hours  were  i-equired.  anif 

f^/OffP  steam  engine 


Wooden  flume 


cordM  of  Cottonwood  were  consumed  by  the  engine,  costing  %'l  |)or 
rd.  During  the  twenty-eight  diiys  of  twenty-four  working  hour- 
[■h,  14,150,()(J0  gallons,  or  43.5  acre-feet,  of  water  were  puuipi'd. 
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The  total  cost  of  wood  being  $120,  the  fuel  cost  per  1,000  gallons  of 
water  recovered  was  $1.00,  or  $8.45  per  acre-foot.  The  fuel  cost  per 
1^000  foot-gallons  was  $0.00031,  or  about  one  thirty-second  of  a  cent. 
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Fio.  67.— ConditionM  at  Horace  Ranch  Company's  well  No.  1,  at  Berino,  N.  Mex. 
TEST  OF  HORACO  RANCH  COMPANY'S  WELL  NO.  1.  BERINO,  N.  MEX. 

Well  No.  1  of  the  Horaco  Ranch  Company,  at  Berino,  N.  Mex. ,  is 
75  feet  deep,  constructed  with  9§^-inch  casing,  with  18  feet  of  Mott 
strainer.     Water  is  delivered  through  a  T^^-iuch  vertical  discharge- 


J 
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pipe  opening  into  a  horizontal  wooden  flume.  Water  is  recovered  bv 
a  No.  5  Byron  Jackson  horizontal-shaft  centrifugal  punip,  driven  hy 
a  12-horsepower  Weber  gasoline  engine.  The  engine  was  iim  at  a 
speed  of  238  revolutions  a  minute,  the  number  of  explosions  being 
106  a  minute.  The  speed  of  the  pump  was  815  revolutions  a  minute, 
it  being  belted  directl}'^  to  the  engine  from  a  24-inch  driving  and  a 
7-inch  driven  pulley. 

The  distance  from  vacuum-gage  tap  to  the  water  plane  on  Septem- 
ber 11,  1904,  was  0.43  foot.  The  distance  of  vacuum-gage  tap  to  to[) 
of  ground  was  7.1  feet,  and  from  tap  to  the  end  of  vertical  discharge 
pipe  was  8.95  feet.  To  this  may  be  added  0.762  foot,  the  height  of 
water  jet  above  the  end  of  discharge  pipe,  to  obtain  the  total  lift 
above  the  vacuum-gage  tap.  The  vacuum  gage  read  14.5,  which, 
when  corrected  for  altitude,  is  equivalent  to  12.5  inches  of  mercury, 
or  14.18  feet  of  water.  The  total  lift  of  the  pump  was,  therefore, 
23.89  feet. 

The  discharge  was  measured  by  integrating  with  a  Price  acoustic 
current  meter  in  the  rectangular  flume.  At  the  selected  cross  section 
the  average  depth  of  the  water  was  0.278  foot,  and  the- average  width 
was  1.42  feet,  giving  an  area  of  cross  section  of  0.395  square  foot. 
The  average  velocity  of  the  water  at  the  selected  cross  section  was 
4.707  feet  per  second,  from  which  we  conclude  that  the  discharge  was 
1.86  second-feet,  or  837  gallons  a  minute. 

The  water  level  in  the  well  was  lowered  13.75  feet  during  pumping, 
and  therefore  the  specific  capacity  of  the  well  is  60.8  gallons  a  minute, 
or  1.69  gallons  a  minute  for  each  square  foot  of  well  strainer. 

Although  the  amount  of  water  recovered  at  well  No.  1  is  very 
materially  greater  than  at  well  No.  3,  the  cost  for  fuel  is  substantially 
the  same.  The  amount  of  gasoline  consumed  is  slightly  less  than  1.2 
gallons  an  hour,  which  at  17  cents  a  gallon  makes  the  hourly  cost  20 
cents.  The  amount  of  water  recovered  being  837  gallons  a  minute, 
or  50,220  gallons  an  hour,  the  fuel  cost  for  each  1,000  gallons  of  water 
was  $0,004,  or  $1.30  per  acre-foot  of  water  recovered.  The  lift  at 
well  No.  1  being  23.89  feet,  the  cost  of  fuel  for  each  1,000  foot-gallons 
was  $0.000167;  or  one-sixtieth  of  a  cent. 

SUMMARY  OF  RESULTS  OF  TESTS  OF  TUMPING  PLANTS  IN  THE  VAIJLEV 
OF  THE  RIO  GRANDE  IN  LOWER  PART  OF  NEW  MEXICO  AND  WEST- 
ERN   END   OF  TEXAS. 

The  accompanying  table  shows  the  results  of  tests  of  a  number  of 
pumping  plants  used  for  irrigation,  and  situated  in  the  valley  of  the 
Rio  Grande  in  the  lower  part  of  New  Mexico  and  the  western  end  of 
Texas.  Most  of  the  entries  on  the  table  explain  themselves.  Under 
the  heading  '' Location''  is  given  the  nearest  post-oflSce  to  the  ranch 
on  which  the  pumping  plants  are  located.     The  tirst  three  pumping 
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plants,  those  of  Felix  Martinez,  W.  N.  French,  and  E.  J.  Hadlock, 
are  located  about  3  miles  east  of  El  Paso,  Tex.  The  plants  of  J.  A. 
Smith  and  J.  S.  Porcher  are  located  in  the  vallev  of  the  Rio  Grande 
about  8  miles  e.ast  of  El  Paso,  Tex.  The  pumping  plants  of  Barker, 
lioyer,  Burke,  Carrera,  Hager,  Hines,  Roualt,  Totten,  and  the  Agri- 
cultural College  are  located  in  the  valley  of  the  Rio  Grande  in  the 
neighborhood  of  Las  Cruces,  N.  Mex.  The  pumping  plants  of  the 
Horaco  Ranch  Company  are  located  near  the  post-office  of  Berino, 
N,  Mex.,  which  is  situated  24  miles  north  of  El  Paso  and  17  miles 
south  of  Las  Cruces. 

The  fuel  used  in  most  of  these  pumping  plants  is  gasoline,  which 
term  as  here  used  includes  the  ''distillate"  manufactured  from  Texas 
crude  oil,  which  is  extensively  used  for  fuel  purposes.  Its  caloric  value 
is  somewhat  less  than  that  of  the  gasoline  used  in  the  Eastern  States. 

■    DETERMINATION    OF   VACUUM. 

In  all  of  the  pumping  plants  except  the  one  of  E.  J.  Hadlock  water 
was  recovered  by  means  of  centrifugal  pumps,  which  in  nearly  all 
rases  were  directly  coupled  to  the  top  of  the  well  casings.  In  order 
to  detennine  the  suction  of  the  pumps,  it  was  necessary  to  drill  a  hole 
in  the  goose  neck  of  the  centrifugal  pumps  and  insert  the  vacuum 
gage.  The  measurements  to  determine  the  distance  the  pumps  were 
required  to  lift  the  water  were  made  from  this  vacuum-gage  tap  as 
datum  in  all  cases.  In  column  6  is  given  the  distance  the  pump  is 
required  to  lift  the  water  above  the  vacuum-gage  tap.  In  column  7 
the  vacuum  reading  is  given  in  feet  of  water.  Therefore  the  total 
lift  of  the  pump  can  be  found  in  each  case  by  adding  the  cor- 
responding numbers  in  columns  6  and  7.  In  column  8  is  given  the 
distance  that  the  natural  level  of  the  water  in  the  well  is  lowered  during 
pumping.  If  the  vacuum  gage  had  been  placed  at  the  exact  level  of 
the  undisturbed  ground  water,  the  readings  in  column  8  would  be 
identical  with  those  in  column  7.  The  numbers  in  column  8  are  less 
than  those  in  column  7,  because  in  all  cases  the  vacuum  gage  stood 
some  distance  above  the  natural  level  of  the  water  in  the  well. 

SPECIFIC   CAPACITY. 

The  numbers  in  column  11  express  the  readiness  with  which  the 
well  furnishes  water  to  the  pump.  The  numbers  in  each  case  were 
found  by  dividing  the  numbers  in  column  10  by  the  corresponding 
numbers  in  column  8.  These  numbers  therefore  express  the  amount 
of  water  the  well  would  furnish  if  the  water  level  in  the  well  was 
lowered  but  1  foot  The}-  constitute  what  is  known  as  the  "'specific 
capacit}'"  of  the  well,  and  are  large  in  case  of  a  good  well  and  small  in 
case  of  a  poor  well.     (See  Chapter  VII.) 

In  column  12  there  are  given  the  same  magnitudes  as  arc  expressed 
in  column  11,  reduced  in  each  case  to  1  square  foot  of  well  strainer. 
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The  numbers  in  this  column,  therefore,  express  the  amount  of  water 
in  gallons  per  minute  furnished  by  1  square  foot  of  well  strainer 
under  a  head  of  1  foot  of  water.  They  are  a  numerical  expression  of 
the  degree  of  coarseness  of  the  material  in  which  the  well  is  placed. 

G06T   AND  OPERATING   EXPENSBB. 

In  column  13  are  given  the  costs  of  the  various  plants  expressed 
in  round  numbers.  These  are  in  most  cases  an  estimate  at  the  rate  of 
$1()0  per  horsepower  for  the  total  cost  of  engine,  pump,  and  wells. 
In  a  few  special  cases  the  cost  is  at  a  higher  rate  than  the  alK)ve.  In 
estimating  the  expense  of  operating  the  various  plants,  the  depreci- 
ation in  the  total  value  of  the  plant  has  been  taken  at  10  per  cent,  and 
the  rate  of  interest  at  8  per  cent.  It  is  difficult  to  make  an  accurate 
estimate  of  the  amount  of  cost  that  should  be  charged  up  to  the  water 
recovered  by  an  irrigation  plant,  on  account  of  the  presence  of  severak 
unknown  factors.  If  the  plants  were  in  operation  every  day  in  the 
year  it  would  be  relatively  easy  to  make  an  accurate  estimate  of  these 
factors  in  the  operating  expense.  As  it  is,  the  plants  are  in  operation 
for  a  longer  or  shorter  period,  depending  upon  circumstances,  which 
vary  from  year  to  j^ear.  Most  of  the  plants  are  used  merely  as  an 
auxiliar\^  to  the  supply  of  ditch  water.  In  making  the  estimate  of  the 
charge  for  interest  and  depreciation  it  has  been  assumed  that  the  plants 
are  in  operation  for  two  thousand  hours  each  season.  This  corre- 
sponds to  a  continuous  twent^'-four  hours'  daily  use  for  three  months^ 
or  two  hundred  days  of  ten  hours  each,  and  probably  represents  a 
fair  average  of  the  actual  conditions. 

In  column  15  there  is  given  a  charge  for  labor  and  other  expenses, 
including  oil,  batteries,  and  such  other  incidental  expenses  as  are  not 
properly  included  under  the  head  of  depreciation.  The  operation  of 
the  gasoline  plants  can  easih'  be  put  in  charge  of  unskilled  labor,  and 
for  the  smaller  plants  full  time  is  not  required  of  such  labor. 

FUEL   ('(KST. 

That  part  of  the  operating  expenses  which  is  properly  chargeable  to 
fuel  cost  can  })e  accurately  determined.  Column  16  expresses  the  cost 
for  fuel  per  hour  at  the  various  plants.  Column  18  expresses  the  cost 
per  acre-foot  of  water  recovered.  In  column  17  there  is  given  the 
cost  of  fuel  for  lifting  1,000  gallons  of  water  through  a  distance  of 
1  foot.  For  the  purpose  of  comparison  the  results  are  expressed  in 
fractional  parts  of  a  cent. 

In  column  5  is  given  the  price  of  fuel.  The  price  of  gasoline  is  given 
in  cents  per  gallon  in  barrel  lots.  The  price  of  electricity  is  given  in 
cents  per  kilowatt  hour.  Cost  of  wood  at  the  ranch  of  T.  Koualt  is 
the  cost  of  Cottonwood  per  cord.  The  price  of  wood  at  the  Agricul- 
tural College  of  $2.25  per  cord  is  the  I'ate  for  small  Tornillo  wood, 
which  has  a  higher  caloric  value  than  the  cottonwood  used  by  Roualt. 
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CX>MMBNTH  ON  THE  KIO  GRANDE   PUMPING   PLANTB. 

The  pumping  plants  of  Martinez,  French,  Uadlock,  Smith,  and 
Porcher  are  all  located  in  the  bottom  lands  of  the  Rio  Grande  from  3 
to  8  miles  east  of  El  Paso,  Tex.  From  column  12  of  the  table  it  will 
>)e  seen  that  the  specific  capacities  of  these  wells  per  square  foot  of 
well  strainer  are  nearly  the  same  at  the  plants  of  Martinez,  French, 
Smith  No.  2,  and  Porcher,  varying  only  between  1.21  gallons  a  minute 
at  Martinez's  well  to  1.37  at  French's  well.  These  numbers,  it  should 
be  remembered,  give  the  amount  of  water  furnished  by  each  square 
foot  of  well  strainer  for  1  foot  head  of  water.  The  numbers  express, 
therefore,  the  degree  of  coarseness  of  the  material  in  which  the 
sti-ainer  is  placed,  provided,  of  course,  that  the  well  strainers  them- 
selves offer  little  or  no  resistance  to  the  admission  of  water  to  the 
well.  The  specific  capacity  per  square  foot  of  strainer  at  the  Smith 
plant  No.  1  and  the  Hadlock  plant  is  much  smaller  than  the  others. 
In  the  case  of  the  Hadlock  well  there  is  no  doubt  but  that  this  result 
is  due  to  the  fact  that  three  of  the  Hadlock  wells  draw  from  surface 
water  above  a  clay  which  overlies  the  sand  and  gravel  from  which  the 
fourth  well  and  the  neighboring  wells  of  Martinez  and  French  draw 
their  supply.  In  addition  to  this  the  strainers  on  these  three  wells  of 
Hadlock  consist  of  nothing, but  common  pipe  with  drilled  round 
holes.  This  poor  form  of  strainer  is  sufficient  in  itself  to  cut  down 
very  materially  the  specific  capacity  of  the  wells. 

The  low  specific  capacity  at  Smith's  plant  No.  1  is  probably  due 
chiefly  to  a  local  deposit  of  fine-sized  water-bearing  sand.  There  is 
no  covering  laj'er  of  clay  over  the  water-bearing  sands  and  gravels  at 
the  location  of  these  wells.  The  sands  contain  so  little  coarse  material 
that  fine  sand  is  constantly  being  drawn  into  the  wells  by  the  pumps. 
This  draft  on  the  sand  deposit  at  the  east  of  the  three  wells  at  Smith's 
plant  No.  1  is  such  that  several  wagon  loads  of  gravel  hav^e  been 
hauled  from  time  to  time  and  placed  in  the  pit  of  the  east  well  to 
replace  the  sand  removed  by  the  pumps. 

The  tests  of  the  nine  wells  in  the  Rio  Grande  Vallev  near  Las 
Cruces,  N.  Mex.,  form  an  interesting  study.  If  we  arrange  them 
in  order  of  their  specific  capacities  per  square  foot  of  well  strainer 
the  list  is  as  follows: 

specific  capacilyy  per  square  foot  of  strainer  ^  of  nine  wells  in  Rio  Grande  VaUey  near  Las 

Cruces,  N.  Mex. 


Name  of  well.  Gals,  per  mln 


Carrera 3.530 


Name  of  well.  Oals.  per  mln 


Hager 0.760 


Agricultural  college 2.320  '  Totten ,  .760 

Boyer 1.969  '  Roualt .627 

Hines 1.790  |  Barker |  .337 

Burke .934                                                    ! 
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The  first  three  wells  are  located  near  the  eastern  edge  of  the  river 
channel,  and  the  high  specific  capacity  of  the  wells  is  undoubtedly  due 
to  coarse  mountain  debris  which  has  been  deposited  along  the  eroded 
edge  of  the  mesa.  The  high  specific  capacity  at  Ilines's  plant  seem^ 
to  be  exceptional  to  the  general  lower  average  prevailing  in  the  inter- 
mediate district  lying  between  the  border  of  the  mesa  and  the  river  chan- 
nel, as  is  represented  by  the  plants  of  Hager,  Totten,  Burke,  and  Barker. 
The  low  specific  capacity  of  the  Barker  well  is  due  in  pait  to  its  small 
diameter,  and  it  is  to  be  classed,  therefore,  with  the  Burke,  Totten, 
and  Hager  wells  rather  than  with  the  Roualt  well.  This  last  well  is 
close  to  the  river  channel.  Its  low  specific  capacity  is  an  indication  of 
the  progressive  fineness  of  the  deposits  as  we  approach  the  river  from 
the  mesa. 

It  should  be  considered  that  thq  specific  cap&^jities  of  the  wells  iir>t 
named  in  above  list  are  exceptionally  high  rather  than  that  the  others 
in  the  list  are  exceptionally  low.  Even  the  specific  capacity  of  the 
Roualt  well,  of  over  one- third  of  a  gallon  a  minute  per  square  foot  of 
well  strainer,  would  be  considered  high  in  many  parts  of  the  country. 

The  specific  capacit}^  of  the  three  wells  on  the  Horaco  ranch,  near 
Berino,  N.  Mex.,  presents  an  interesting  stud}-.  These  plants  are 
located  but  a  few  hundred  feet  apart  and  are  identical  in  all  respects 
except  in  the  depth  of  the  wells.  The  wells  are  Of  inches  in  diameter, 
and  each  has  18  linear  feet  of  well  strainer  at  the  bottom,  formed  by 
drilling  l^-inch  holes  in  the  9f-inch  casing  and  wrapping  the  casing  with 
No.  8  galvanized-iron  wire,  leaving  one-eighth  inch  space  between.  The 
enormous  difference  in  the  specific  capacities  of  these  wells  is  entireh' 
due  to  the  fact  that  No.  1  is  75  feet  deep,  No.  2  is  53  feet  deep,  and 
No.  3  is  62  feet  deep.  The  small  expense  necessary  to  sink  well  No.  :i 
from  a  depth  of  53  feet  to  a  depth  of  75  feet  will  change  the  cost  of 
the  water  recovered  from  $10.90  per  acre-foot  to  $2.21  per  acre-foot. 

The  group  of  pumping  plants  near  Las  Cruces  are  for  the  most  part 
very  recently  constructed,  and  changes  will  undoubtedly  be  made  in 
many  of  the  plants,  based  upon  the  experience  of  the  present  irrigation 
season.  The  wells  at  the  Agricultural  College  were  the  first  ones  con- 
structed in  this  part  of  the  valley,  and  an  excellent  report  of  tests  on 
these  wells  by  Professors  Vernon  and  Lester  was  issued  in  April,  1903. 
The  ver^'  high  spt^cific  capacity  of  the  college  wells  has  had  its  influ- 
ence upon  the  construction  of  the  other  plants.  With  a  few  exceptions, 
w^e  may  say  that  the  pumping  plants  in  the  Mesilla  Valley  have  engines 
and  pumps  entirely  too  large  for  the  wells,  or,  as  may  be  preferably 
stated,  the  wells  are  too  small  for  the  pumps  and  engines.  B\'  com- 
paring the  high  lifts  recorded  in  column  9  of  the  table  with  the  amount 
of  lowering  of  the  water  in  the  wells,  which  is  recorded  in  column  S, 
it  will  be  seen  that  the  lift  of  many  of  the  plants  can  be  considerably 
decreased  by  increasing  the  amount  of  strainer  surface  in  the  wells. 
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In  most  cases  this  will  mean  the  construction  of  additional  wells,  as 
the  strainer  surface  can  not  be  otherwise  sufficiently  increased.  The 
necessity  of  keeping  the  lift  of  the  pump  down  to  a  minimum  is  greatly 
emphasized  in  irrigation  plants,  and  large  strainer  surface  is  the  first 
requisite. 

The  efficiency  of  the  smaller  plants  can  also  be  increased  by  the  con- 
struction of  storage  reservoirs  or  ponds  for  the  accumulation  of  water 
before  it  is  used  for  irrigation.  In  this  way  the  duty  of  the  water  can 
be  considerably  increased.  Barker's  plant  is  the  only  one  having  such 
reservoirs.  For  plants  that  yield  over  a  second-foot  of  water  the  res- 
ervoir is  undoubtedly  of  little  additional  value. 

The  determination  of  the  speeds  of  the  centrifugal  pumps  at  the 
various  plants  showed  that  in  many  cases  the  speed  had  not  been  prop- 
erly adjusted.  In  all  cases  the  speeds  were  too  high.  This  was 
undoubtedly  due  to  the  fact  that  the  vacuum  had  never  been  deter- 
mined, so  that  the  total  lift  of  the  pump  was  unknown. 
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PUBLICATIONS  OF  UNITED  STATES  GEOLOGICAL  SURVEY. 

[Water-Supply  Paprr  No.  140.] 

The  serial  publications  of  the  United  States  Geological  Survey  consist  of  (1)  Annual 
Reiwrts,  (2)  MonographSj  (3)  Professional  Papers,  (4)  Bulletins,  (5)  Mineral 
Resources,  (6)  Water-Supply  and  Irrigation  Papers,  (7)  Top(^5raphic  Atlas  of 
United  States — folios  and  separate  sheets  thereof,  (8)  Geologic  Atlas  of  the  United 
States — folios  thereof.  The  classes  numbered  2,  7,  and  8  are  sold  at  cost  of  publi- 
cation; the  others  are  distributed  free.  A  circular  giving  complete  lists  may  be  had 
on  application. 

Most  of  the  above  publications  may  be  obtained  or  consulted  in  the  following  ways: 

1.  A  limited  number  are  delivered  to  the  Director  of  the  Survey,  from  whom  they 
may  be  obtained,  free  of  charge  (except  classes  2,  7,  and  8),  on  application. 

2.  A  certain  number  are  allotted  to  every  member  of  Congress,  from  whom  they 
may  be  obtained,  free  of  charge,  on  application. 

3.  Other  copies  are  deposited  with  the  Superintendent  of  Documents,  Washington, 
D.  C,  from  whom  they  may  be  had  at  prices  slightly  above  cost. 

4.  Copies  of  all  Government  publications  are  furnished  to  the  principal  public 
libraries  in  the  large  cities  throughout  the  United  States,  where  they  may  be  con- 
sulted by  those  interested. 

The  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a  variety  of 
subjects,  and  the  total  number  issued  is  large.  They  have  therefore  been  classified  into 
the  following  series:  A,  Economic  geology;  B,  Descriptive  geology;  C,  Systematic 
geology  and  paleontology;  D,  Petrography  and  mineralogy;  E,  Chemistry  and  phys- 
ics; F,  Geography;  G,  Miscellaneous;  H,  Forestry;  I,  Irrigation;  J,  Water  storage; 
K,  Pumping  water;  L,  Quality  of  water;  M,  General  hydrographic  investigations; 
N,  Water  power;  O,  Underground  waters;  P,  Hydrographic  progress  reports.  This 
paper  is  the  forty-third  in  Series  0,  the  complete  list  of  which  follows  (PP=Profes- 
eional  Paper;  B=Bulletin;  WS= Water-Supply  Paper): 

SERIES  O,  UNDERGROUND  WATERS. 

WS     4.  A  reconnaissance  In  south€'a8tern  Washington,  by  I.  C.  Ru88ell.    1897.    96  pp.,  7  pis. 

WS     6.  Underground  waters  of  southwestern  Kansas,  by  Erasmus  Haworth.    1897.    65  pp.,  12  pis. 

WS     7.  Seepage  waters  of  northern  Utah,  by  Samuel  Fortler.    1897.    50  pp.,  3  pis. 

WS   12.  Underground  waters  of  southeastern  Nebraska,  by  N.  H.  Darton.    1898.    56  pp.,  21  pis. 

WS   21.  Wells  of  northern  Indiana,  by  Frank  Leverett.    1899.    82  pp.,  2  pis. 

WS  26.  Wells  of  southern  Indiana  (continuation  of  No.  21),  by  Frank  Leverett.    1899.    64  pp. 

WS   30.  Water  resources  of  the  Lower  Peninsula  of  Michigan,  by  A.  C.  Lane.    1899.    97  pp.,  7  pis. 

WS   31.  Lower  Michigan  mineral  waters,  by  A.  C.  I^ane.    1899.    97  pp.,  4  pis. 

WS   34.  Geology  and  water  resources  of  a  portion  of  southeastern  South  Dakota,  by  J.  E.  Todd.    1900. 

34  pp.,  19  pis. 
WS   53.  Geology  and  water  resources  of  Nez  Perces  County,  Idaho,  Pt.  I,  by  I.  C.  Russell.    1901.    86 

pp.,  10  pis. 
WS   54.  Geology  and  water  resources  of  Nez  Perces  County,  Idaho,  Pt.  II,  by  I.  C.  Russell.    1901. 

87-141  pp. 
W^S   55.  Geology  and  water  resources  of  a  portion  of  Yakima  County,  Wash.,  by  G.  O.  Smith.    1901. 

68  pp.,  7  pis. 
WS   57.  Preliminary  list  of  deep  borings  in  the  United  States,  Pt.  I,  by  N.  H.  Darton.    1902.    60  pp. 
WS   59.  Development  and  application  of  water  in  southern  California,  Pt.  I,  by  J.  B.  Lippincott.    1902. 

95  pp.,  11  pis. 
WS  60.  Development  and  application  of  water  in  southern  California,  Pt.  II.  by  J.  B.  Lippincott 

1902.    96-140  pp. 
WS   61.  Preliminary  list  of  deep  borings  in  the  United  States,  Pt.  II,  by  N.  H.  Darton.    1902.    67  pp. 
WS  67.  The  moUoofi  of  underground  waters,  by  C.  S.  Slichter.    1902.    100  pp..  8  pis. 
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B    199.  Geology  and  water  resources  of  the  Snake  River  Plains  of  Idaho,  by  I.  C.  RuBsell.    1902.    192 

pp.,  25  pis. 
WS  77.  Water  resources  of  Molokai,  Hawaiian  Islands,  by  W.  Lindgren.    1908.    G2  pp.,  4  pla. 
WS  78.  Preliminary  report  on  artesian  basins  in  southwestern  Idaho  and  southeastern  Oregon,  by 

I.  C.  Russell.    1908.    f)3  pp.,  2  pis. 
PP    17.  Preliminary  report  on  the  geology  and  water  resources  of  Nebrasiu  west  of  the  one  hundred 

and  third  meridian,  by  N.  H.  Darton.    1908.    69  pp.,  48  pis. 
WS  90.  Geology  and  water  resources  of  a  part  of  the  lower  James  River  Valley,  South  Dakota,  by  J.  E. 

Todd  and  C.  M.  Hall.    1904.    47  pp.,  23 pis. 
W8  101.  Underground  waters  of  southern  Louisiana,  by  G.  D.  Harris,  with  dificussions  of  their  uaen 

for  water  supplies  and  for  rice  irrigation,  by  M.  L.  Fuller.    1904.    96  pp.,  11  pis. 
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OBSERVATIONS  ON  THE  GROUND  WATERS  OF  RIO 

GRANDE  VALLEY. 


Bv  Charles  S.  Slichter. 


CHAPTER    I. 

i:N"nC8TIGATION  OF  THB  I^NDKRFLOW  AT  THE  NARROWS 
OF  THE  RIO   GRANBE  NEAR  EIj  PASO,  TEX. 

An  investigation  of  the  underflow  of  the  Rio  Grande  was  begun  in 
the  latter  part  of  August,  1904,  at  the  narrows  of  the  Rio  Grande,  a 
few  miles  above  El  Paso,  Tex.,  where  the  stream  flows  through  a 
narrow  gorge  of  limestone.  At  this  place  is  the  site  of  the  proposed 
Mexican-American  international  dam.  At  the  surface  of  the  water 
the  distance  between  the  walls  of  the  gorge  is  less  than  400  feet.  The 
dam  site  has  been  investigated  by  the  International  (Water)  Boundary 
Commission,  organized  by  the  joint  action  of  the  American  and  Mexi- 
can Governments,  and  maps  and  reports  concerning  the  proposed  dam 
will  be  found  in  the  Proceedings  of  the  International  (Water)  Bound- 
ary Commission,  vol.  2,  page  277. 

A  brief  reconnaissance  at  the  site  of  the  proposed  international  dam 
indicated  that  there  could  be  no  undeiilow  of  any  magnitude  at  this 
point.  The  distance  between  the  walls  of  the  gorge  is  less  than  400 
feet,  and  the  test  borings  made  by  the  Mexican  commission  in  1897 
seemed  to  indicate  that  the  maximum  depth  to  bed  rock  is  86  feet.  A 
cross  section  of  the  gorge,  based  upon  the  Mexican  borings,  is  shown 
in  fig.  2.  In  this  diagram  the  vertical  and  horizontal  scale  are  the 
same.  A  cross  section  of  less  than  40,000  square  feet  could  not  trans- 
mit a  large  volume  of  ground  water  even  if  other  conditions  were 
favorable.  The  highest  velocity  ever  determined  for  ground  water  is 
about  100  feet  in  twenty-four  hours,  and  assuming  this  maximum 
velocity  at  the  above  cross  section,  and  a  porosity  of  one-third  in  the 
water-bearing  sands  and  gravel,  the  daily  discharge  would  be  1,333,000 
cubic  feet,  or  15J  cubic  feet  per  second.  The  gradient  of  the  water 
plane  at  the  narrows  is  but  3^^  feet  to  the  mile,  and  all  other  indica- 
tions point  to  a  low  rather  than  a  high  velocity. 

None  of  the  usual  indications  of  an  undei*flow  were  found  at  this 
point.     If  there  was  a  true  undei-flow  a  stream  undoubtedly  would 
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flow  perennially  in  the  narrowest  part  of  the  gorg^e.  Some  mile^ 
above  the  site  of  the  dam  the  vallev  broadens  and  is  2  to  5  miles  in 
width,  the  sides  gradually  converging  as  the  gorge  is  approached. 
The  diminishing  cross  section  would  cause  any  underflow  waters  in  the 


Fiii.  1.— Topographic  map  of  the  gorge  of  the  Rio  Grande  above  £1  Paso  Tex,,  wheie  the  underflow 

measureinente  were  made. 

valley  above  the  narrows  to  seek  relief  at  the  surface  in  the  narrow 
gorge  and  form  a  perennial  flowing  streauL  Instead  of  thisT)eing  the 
case  the  river  is  perfectly  dry  at  the  gorge  when  it  ceases  to  flow  above 


roe  ABOVE  EL  PA50,  ^ 
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tht'  paan.  It  was  dry  duriti^r  H<>vorHl  iiiuiiths  uf  ltH)4.  In  addition  to 
ti  pt'reiinial  sitrfat-e  flow  through  the  tmrrowvMt  ]x>rtioii  of  and  above 
the  goi^  and  near  itn  tionverging  :«idt>is,  the  ground  wators  should 
have  a  slightly  artesian  churacter.  None  of  these  <x>nimon  indieationN 
of  an  underflow  were  found. 

Notwithstanding  the  above  considerations,  actual  detenuinstions  of 
the  rate  of  underflow  were  begun,  largely  on  account  of  a  local  popu- 
lar belief  that  there  is  an  enormous  underflow  at  this  point.  The 
results  of  the  investigation  are  in  accordance  with  general  oonaidera- 
tions  above  indicated. 

The  material  in  the  river  bed  at  the  site  of  the  proposed  inter- 
national dam  consist)  of  sand  and  tine  gravel  with  occasional  layers  of 
silt.  No  bowlders  were  encountered  in  sinking  the  test  wells  and  the 
borings  were  made  with  great  ea.se.  The  ground  waters  in  the  sands 
of  the  gorge  were  found  to  contain  a  large  amount  of  dissolved  solids. 


I  ol  the  goi^  cit  the  Rla  Grande,  ubuve  £1  Pbmi,  Tvx..  at  tht  niu  ul  the  ;irj|i<im.'<1 

The  nnmbeni  Incloeed  In  (he  recUingleJi  give  the  velocity  of  the  jtroirad  w«ter  In  feet  per  twentj-Ionr 
hniin^  The  namben  Inclosed  In  clnlm  give  the  amount  of  ramniijn  mlt  In  parU  per  100,000  dls- 
•oWed  In  the  ground  wuler.  The  Inhle  al  the  rlKbt  givcg  the  depthn  ul  the  text  welb  nnil  the 
■MOtint  ol  t<rtBj  Bolld"  found  In  the  hbIit.  The  mipposeil  tocli  hoitom  Ih  given  u  delennloed  hy 
thf  Mexican  barlnga,  the  venlotl  and  horizontal  wales  being  alike. 

At  a  depth  of  10  feet  the  waters  contained  about  100  parts  per  100,000 
of  common  salt,  and  the  quantity  l)ecame  larger-as  distance  from  the 
surface  increased.  Below  a  depth  of  32  feet  so  much  salt  was  present 
that  it  was  very  difficult  to  determine  the  I'ate  of  motion  of  the  ground 
waters.  '  At  a  depth  of  42  feet  the  common  salt  in  solution  amounted 
to  1,340  partw  per  100,000;  at  60  feet  it  i-eached  1,700  parts  per  100,000; 
in  a  50-foot  te.nt  hole  it  amounted  to  1,720  parts  per  100,000.  The 
total  solids  di.<'solved  in  the  gntiind  water  were  proportionately  as  large 
as  the  amount  of  common  .-^alt,  so  that  at  a  depth  of  40  feet  the  water 
was  altout  half  as  strong  a.-J  sea  water,  and  at  a  depth  of  fio  feet  it  wa.s 
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H))out  80  per  cent  stronger  than  ordinary  sea  water.     In  ftp-.    2  the 
positions  of  the  principal  test  wells  are  shown. 

The  veloi»ities  as  found  at  stations  1,  2,  and  3  were  ver3'  unifonn. 
being  2A)  feet  per  twenty-four  hours  at  station  1,  2.8  feet  per  twenty- 
four  hours  at  station  2,  and  2.9  feet  per  twenty -four  hours  at  station  H. 
The  greatest  depth  at  which  it  wa.s  practicable  to  make  a  determination 
of  the  rate  of  flow  was  42  feet,  where  the  common  salt  in  solution 
amounted  to  about  1,400  part*;  per  100,000.  In  order  to  increase  the 
conductivity  of  this  water,  it  was  necessary  to  make  use  of  a  stronger 
electrolyte  than  ammonium  chloride.  For  this  purpose  a  quantity  of 
ammonium  chloride  was  saturated  with  a  gallon  and  a  half  of  hydro- 
chloric acid.  This  mixture  was  used  to  salt  the  upstream  well  used  for 
determining  the  rate  of  the  underflow.  From  the  way  the  apparatiL< 
worked  it  was  evident  that  it  is  possible  to  determine  the  rate  of  move- 
ment of  ground  waters  as  strong  in  salt  as  the  water  of  the  Riodrande 
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Fic;.  3.— Diagram  showing  the  variation  with  depth  of  the  total  solids  and  chlorine  in  the  iproiind 

water  at  the  gorge  or  narrows  of  the  Rio  Grande  above  El  Paso. 
The  rapid  rate  of  increase  in  the  disHolved  solids  at  a  depth  of  about  40  feet  indicates  that  the  water 

below  such  depth  is  stagnant  or  without  appreciable  movement. 

at  a  depth  of  42  feet;  as  a  matter  of  fact,  however,  the  water  at  this 
depth  is  either  stationarj^  or  moves  much  slower  than  at  higher  levels. 
After  waiting  three  days  none  of  the  electrolytes  had  reached  the 
downstream  wells,  and  it  was  concluded  that  there  was  practically  no 
motion  of  the  ground  water  at  this  depth.  A  few  of  the  test  wells 
were  driven  to  a  greater  depth,  in  order  to  secure  samples  of  the  water 
and  to  note  the  amount  of  contained  solids,  but  no  measurements  of 
the  rate  of  motion  of  the  waters  were  attempted.  Fig.  3  represents 
by  curves  the  variation  of  the  chlorine,^  and  total  solids  with  the 
depth  as  determined  from  the  various  test  wells.  This  diagram  sug- 
gests that  the  water  below  the  35-  or  40-foot  level  is  not  moving.     The 

a  The  amount  of  common  salt  is  pntportional  to  the  chlorine. 
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increase  in  totai  solids  is  not  uniform,  but  becomes  greater  below  the 
35-foot  line.  The  amount  of  chlorine  shows  a  similar  jump  at  about 
the  same  depth,  but  after  increasing  suddenly  it  seems  to  remain  sta- 
tionary. This  may  be  due  to  the  fact  that  the  common  salt  in  solution 
originates  above  the  gorge,  and  lias  been  slowl}-  concentrated  during 
a  long  time.  The  total  solids,  on  the  contrary,  include  the  dissolved 
salts  of  lime,  which  can  become  almost  indefinitely  concentrated  from 
the  limestone  debris  in  the  gravels  of  the  gorge  itself. 

It  would  be  interesting  to  know  whether  the  depth  of  the  most  sud- 
den increase  in  the  dissolved  salts  (say  35  feet)  corresponds  to  the 
depth  of  the  maximum  scour  of  the  river  at  the  gorge. 

The  velocities  of  the  ground  water  in  the  tests  described  above  are 
undoubtedly  the  maximum  velocities  in  the  narrows  of  the  gorge,  since 
pains  were  taken  to  make  the  tests  in  the  coarsest  strata  encountered 
in  the  borings.  Layers  of  fine  silt  were  frequently  met  with  in  put- 
ting down  the  test  wells,  which  probably  accounts  for  the  stagnant 
condition  of  the  water  below  the  35-foot  level.  These  layers  of  silt 
are  undoubtedly  imbricated  in  such  a  way  that  movement  of  the  deeper 
ground  waters  is  impossible. 

The  total  cross  section  in  which  the  ground  waters  move  is  about  35 
feet  in  depth  and  325  feet  in  width  and  has  an  area  of  11,200  square 
feet.  If  it  is  assumed  that  the  porosity  of  the  material  is  one-third 
and  the  maximum  velocity  of  the  ground  water  is  3  feet  per  da}- ,  the 
total  discharge  through  the  gorge  does  not  exceed  11,200  cubic  feet 
per  twenty-four  hours,  or  al>out  0.132  cubic  foot  per  second,  or  about 
50  gallons  a  minute.  This  amount  of  underflow  is  entircl}^  insignifi- 
cant. It  is  obvious  that  on  account  of  the  enormous  quantity  of  dis- 
solved solids  the  underflow  would  be  worthless,  no  matter  what  its 
magnitude  might  be. 


CHAPTER   II. 

GROUND  WAITERS  BEIiOW  EL.  PASO,  TEX. 

The  Rio  Grande  V^alley  below  El  Pai»o  has  been  studied  with  refer- 
ence to  possibility  of  obtaining  a  ground-water  supply  from  wells. 
East  and  north  of  El  Paso  is  a  verj'  level  strip  of  country  known  as 
the  "Lanoria  Mesa/'  This  mesa  lies  between  4,0(K)  and  5,(J(J<)  feet 
above  the  sea  level,  and  extends  as  a  nearly  unbroken  plain  between 
two  north-south  ranges  of  mountains.  On  the  west  the  mesa  is  lim- 
ited by  the  Franklin,  Organ,  and  San  Andres  mountains,  to  the  east 
it  is  bordered  by  the  Hueco  Mountains,  and  farther  north  by  the  Sac- 
ramento Mountains.  At  the  southern  end  the  east  and  west  extent  of 
the  mesa  is  about  20  miles,  and  at  the  north  it  is  almost  unbroken  for  104} 
miles.  The  north  end  of  the  mesa  is  interesting  on  account  of  several 
very  unusual  topographic  features.  A  number  of  miles  west  and  north 
of  Alamogordo,  N.  Mex.,  are  depressions  which  are  said  to  be  the 
channels  of  an  ancient  river.  A  great  overflow  of  lava  covers  the 
northern  portion  of  the  mesa,  and  apparently  hides  the  bank  of 
the  ancient  river  channel.  About  18  miles  north  and  west  of  Ala- 
mogordo are  found  the  famous  "  white  sands"  of  New  Mexico,  which 
consist  of  wnnd-blown  hillocks  of  granular  grains  of  gypsum.  The 
white  sands  belt  has,  east  to  west,  a  width  of  5  to  18  miles,  a  length 
north  to  south  of  about  40  miles,  and  an  area  of  nearly  000  square 
miles. 

In  the  northern  portion  of  the  Lanoria  Mesa  good  wells  are  very 
rare,  and  at  many  places  are  quite  unknown.  The  ground  waters  for 
the  most  part  are  highly  alkaline  and  unsatisfactory  for  use.  Run- 
ning water  can  he  noticed  in  many  places  flowing  beneath  the  lava 
bed,  forming  a  subterranean  stream  locally  called  the  *'Lost  River. '^ 

In  the  southern  portion  of  the  mesa  within  20  miles  of  the  Rio 
Grande  is  a  very  fine-grained,  water-l)earing  sand  at  a  depth  of  about 
230  feet.  The  water-})earing  stratum  is  l)etween  30  and  60  feet  thick 
where  it  has  been  found  and  the  contained  water  is  of  an  excellent 
quality.  The  strongly  alkaline  waters  common  in  the  northern  part 
of  the  mesa  seem  to  be  entirely  absent  from  this  portion.  The  water- 
14 
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bearing  sand,  however,  in  too  line  grained  to  furnish  wells  of  large 
capacity.     The  origin  of  ground  water  in  this  sand  stratum  is  difiScult 
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Fi<t.  4. — Map  showing  location  of  wells  and  pumping  planti*  in  the  valley  and  on  the  me8a  east  of  El 

Paflo.    The  lines  mn  with  level  arc  shown. 

to  trace.     Nearly  everywhere  in  the  southern  part  of  the  mesa  there 
is  within  a  few  feet  of  the  surface  from  3  to  H  feet  of  '*  caliche,"  a 
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cemented  calcareous  impervious  conglomerate  that  prevents  the  seep- 
age of  ground  water.     The  deposit  of  "caliche"  seems  to  be  the  result 
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of  the  evaporation  of  the  ground  water  noar  the  surface  of  the  mesa. 
*  Whenever  this  '^caliche"  is  present  the  rainfall  is  undoubtedly  unable 
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to  penetrate  the  ground  for  a  distance  of  more  than  a  few  feet.  The 
annua]  precipitation  is  so  slight^  not  exceeding  a  total  of  9  inches,  that 
the  portion  that  sinks  into  the  ground  must  soon  be  evaporated  by  the 
intense  heat  of  the  sun  wherever  the  ''caliche"  is  present 

It  is  difficult  to  believe  that  the  ground  water  in  the  stratum  of  sand 
referred  to  above  is  derived  from  the  run-oflf  from  the  north-south 
mountain   ranges.     These  mountain   ranges  consist  very  largely  of 
limestone;  and  the  small  canyon  streams  run  high  in  calcium,  but  the 
waters  found  in  the  sand  stratum  are  very  soft  and  show  no  indication 
of  having  originated  in  a  calcareous  catchment  area.     The  most  prob- 
able source  of  the  water  of  the  sand  stratum  of  the  mesa  is  the  rain- 
fall on  the  mesa  itself,  especially  on  limited  portions  located  between 
12  and  25  miles  north  of  the  Kio  Grande.     Part  of  the  surface  material 
on  the  mesa  near  Hereford  is  very  sandy  and  is  fairly  well  adapted  to 
receive  and  absorb  a  considerable  part  of  the  light  rainfall.     The  rail- 
road wells  drilled  at  this  point  indicate  that  only  a  fractional  part  of 
the  sand  stratum  is  saturated  with  water,  while  in  the  lower  part  of 
the  mesa  in  the  neighborhood  of  Fort  Bliss,  near  the  valley  of  the  Rio 
Grande,  the  water  in  the  sand  is  found  under  an  artesian  head.     These 
facts  are  brought  out  in  fig.  5.     As  will  be  seen  by  inspection  of  this 
diagram,  the  source  of  the  ground  water  found  in  the  deep-lying  sands 
and  gravels  should  be  sought  in  the  neighborhood  of  Herefoixi.     The 
ground  water  certainly  can  not  have  had  its  source  near  Fort  Bliss,  as  is 
proved  by  its  artesian  character.     North  of  Hereford  a  point  is  reached 
at  which  the  ground  waters  are  ver}^  strongly  alkaline,  and  it  is  evi- 
dent that  water  can  not  have  originated  so  far  north.     The  contrast 
between  the  strong  waters  in  the  north  and  the  soft  waters  in  the 
southern  part  of  the  mesa  suggests  that  the  waters  of  the  one  portion 
of  the  mesa  must  be  cut  off  geologically  from  those  of  the  other  part. 
Within  a  few  miles  of  the  southern  edge  of  the  mesa  several  deep 
wells  have  been  sunk  to  obtain  water  from  the  above-mentioned  sand 
and  gravel.     Near  the  southern  edge  of  the  mesa  the  Southern  Pacific 
Railroad  has  a  group  of  wells  designed  to  obtain  ground  water  for 
railroad  purposes.     The  wells  are  8  inches  in  diameter  and  about  270 
feet  deep,  and  each  contains  at  the  bottom  a  No.  6  Cook  strainer,  7 
inches  by  20  feet  in  dimensions.     The  quality  of  the  water  is  excel- 
lent, but  the  quantity  is  very  limited.     The  four  wells,  each  supplied 
with  a  Downey  double-acting  deep-well  pump,  are  able  to  secure  no 
more  than  160,000  gallons  in  twenty-four  hours.     About  one-half 
mile  north  of  the  Southern  Pacific  wells  two  wells  have  been  sunk  to 
obtain  water  for  the  use  of  Fort  Bliss  Military  Reservation.     The 
two  wells  are  about  20  feet  apart,  tlie  depth  of  the  eastern  well 
being  313  feet  and  that  of  the  western  319  feet.     The  wells  have  a 
diameter  of  8  inches,  contain  6-inch  suction  pipes,  and  carry  at  the 
bottom  a  No.  6  Cook  strainer,  5i  inches  in  diameter  and  8  feet  long. 
IBB  141— 06— —2 
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They  are  pumped  by  two  Cook  deep-well  pumps,  which  lift  from 
52,000  to  86,000  gallons  in  twenty-four  hours.  About  200  feet  north 
of  the  military  reservation  at  Fort  Bliss  the  International  Wat«r  Sup- 
ply Company,  of  El  Paso,  Tex.,  has  sunk  seven  12-inch  California 
stovepipe  wells  for  the  purpose  of  securing  a  municipal  water  supply 
for  the  city  of  El  Paso.  In  one  of  these  wells,  which  ended  at  the 
depth  of  2.800  feet  in  a  bed  of  dr^'^  clay,  no  water-bearing  stratum  was 
found  below  the  sand  referred  to  above.  The  yield  of  the  Interna- 
tional wells  had  not  been  determined,  but  it  was  evident  from  samples 
of  material  that  it  could  not  be  much  greater  than  that  at  the  South- 
ern Pacific  or  the  military  reservation  wells.  A  yield  of  100,(KX) 
gallons  per  twent}- -four  hours  foj*  each  of  the  seven  wells  of  the  Inter- 
national Water  Supply  Company  is  probably  a  large  estimate. 

At  the  southern  boundary  of  the  mesa  the  Rio  Grande  is  about  40 
feet  higher  than  the  top  of  the  water-bearing  sand  mentioned  above 
(see  fig.  5).  There  is  every  indication  that  at  the  time  the  river  eroded 
the  gorge  above  the  city  to  the  depth  of  86  feet  it  also  cut  into  this 
deposit  of  sand  and  resorted  and  redcposited  the  material,  carrying 
awa}^  the  finer  portions.  For  this  reason  good  wells  can  be  had  along 
the  edge  of  the  mesa  wherever  the  river  has  done  its  work,  except  in 
a  few  places  where  the  river  has  carried  away  all  of  the  sand  and  left  a 
local  deposit  of  clay  and  mud.  The  water  in  the  resorted  gravels  is 
very  good,  but  not  nearly  as  soft  as  the  water  of  the  wells  on  the  mesa 
proper.  In  these  resorted  sands  and  gravels  are  located  the  wells 
used  for  irrigation  in  the  bottom  lands  of  the  Rio  Grande.  The  water 
found  in  the  sands  in  the  neighborhood  of  these  pumping  plants  is 
probably  in  large  part  contributed  by  the  Rio  Grande.  The  accom- 
panying table  gives  partial  analyses  of  water  taken  from  the  mesa 
wells  and  from  the  wells  in  the  bottom  lands  of  the  river.  Further- 
more, as  shown  b}^  fig.  5,  on  the  mesa  the  water  plane  slopes  very 
gently  toward  the  Rio  Grande  and  near  the  irrigation  pumping  plants 
it  slopes  at  a  higher  angle  away  from  the  river  channel.  As  t«,n  be 
seen  from  fig.  5,  the  water  planes  on  August  29,  1904,  at  the  wells  of 
W.  N.  French,  about  8  miles  east  of  El  Paso,  sloped  away  from  the 
river  at  a  gradient  of  2  feet  to  the  mile,  while  the  slope  from  the  mesa 
to  French's  well  was  two-thirds  foot  to  the  mile.  On  that  date  the 
water  plane  in  the  channel  of  the  river  stood  about  2  feet  lower  than 
the  surface  of  the  stream.  This  indicates  that  the  river  probably  does 
not  furnish  very  much  water  to  the  sand  on  account  of  the  deposits 
of  silt  in  the  river  bed,  except  at  times  of  flood,  when  the  scour  of  the 
river  exUmds  to  a  (^onsidei^able  depth.  At  such  times  it  is  probable 
that  the  sands  take  up  and  store  a  considerable  quantity  of  river  water, 
which  ultimately  finds  it  way  to  the  pumping  plants. 

Conditions  similar  to  those  mentioned  were  found  about  8  miles  east 
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of  El  Paso,  at  the  pumping  plants  of  J.  A.  Smith  and  J.  S.  Porcher. 
Fig.  7  shows  the  slope  of  the  water  plane  between  the  river  channel 


Jtf29.«#' 


^ie.4-4 


36Z7.44 


■ 

y 

y 

/ 

i 

m 

/ 

> 

\ 

/ 

1 

v: 
> 

1 

1 

1 

0» 

1 

/ 

> 

^ 

r 

1 

/ 

f 

^ 

y 

— ^ 

/ 

lO        20 
AUQ. 


10         20 
SCPT, 


iO         20 
OCT. 


to        20 
NOV. 


FiQ.  6.— Elevation  of  water  plane  at  Porcher*8  well  No,  1. 
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Pio.  7. — Water  plane  between  Porcher's  and  Smith's  pumping  plants  and  the  Rio  Grande  on  Septem- 
ber, 6, 1904. 

and  the  wells  of  Smith  and  Porcher,  as  determined  on  September  5, 
1904- 
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Partinl  attaiysen  of  samples  of  water  from  the  Rio  Grande  VaUeyt 

TejcoB  and  Xew  Mejrin,. 

- 

[In  parts  per  100,000.] 

Name  of  well. 

Depth  of 
well. 

Total 
solids. 

Chlorine. 

Hardness  as 
CaOOk. 

Alkalinitra* 
CaCCV 

Samples  taken  near  El  Paso, 
Tex,: 

F^et. 

1 

Citv  water.  El  Paflo.  Tex . . . 

127 
72 

54.0 
21.4 

70.4 
30.0 

20.0 

El  Paso  Brewery 

58 

21.'' 

Felix  Martinez 

68 
30 

62 
104 

13.7 
31.5 

29.6 
47.7 

19.1 

E.  J.  Hadlock 

27.7 

W.N.French 

78 

55 

11.0 

25.0 

17-7 

J.  S.  Porcher 

60 

110 

22.6 

73.5 

25.3 

J.  A.  Smith  No.  1 

62 

174 

55.6 

67.0 

23.0 

J.  A.  Smith  No.  2 

60 

90 

18.1 

40.8 

20.6 

Southern  Pacific  wells 

270 

42 

2.13 

11.1 

17.5 

Fort  Bliss  Military  Reser- 
vation   

315 

29 

1.95 

10.6 

ia4 

El  Paso  and  Northeastern 
at  Fort  Bliss 

1       250 
1       410 

46 

2.38 

11.3 

!              20.0 

International  Water  Co 

^60 

22 

1.48 

7.25 

11.5 

Samples    taken    near    Berino, 
N.  Mex.: 

Horaco  Ranch  Co.  No.  2. . . 

53 

126 

30.9 

45.8 

29.6 

Horaco  Ranch  Co.  No.  1 . . . 

75 

170 

54.2 

62.8 

37.0 

Horaco  Ranch  Co.  No.  3. . . 

62 

203 

63.9 

59.5 

52.5 

Samples  taken  near  Las  Cruces, 
N.  Mex.: 

G.H.Totten 

62 

99 

19.6 

59.8 

29.5 

T.  Roualt 

48 

76 

11.2 

47.3 

19.4 

W.N.Hager 

63 

71 

13.8 

50.8 

23.6 

A.  L.  Hines 

59 

73 

10.8 

47.5 

28,5 

F.  C.  Barker 

48 

96 

15.8 

58.1 

28.7 

Mrs.  E.  M.  Boyer 

52 

57 

7.5 

38.6 

25.1 

J.  C.  Carrera 

58 

83 

11.2 

54.2 

27.3 

Samples   taken   at   the    gorge 
near  El  Paso: 

River  water 

128 
169 

9.6 
63 

55.8 
95 

11.7 

Station  No.  2 

10 

23.0 

Do 

22 

400 

137 

100 

lvS.6 

Station  No'.  3 

29 
10 

5S9 
137 

213 
65.7 

139 
63.6 

20.9 

Test  well  No.  1 

19.7 

Station  No.  4 

42 

1,438 

845 

245.0 

31.4 

Do 

60 
50 

4,600 
2,500 

1,033 
1,040 

224 
224 

35.9 

Station  No.  5 

31.4 
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During  nine  months  ending  August  25,  1904,  there  wa8  no  water  in 
the  river  channel  below  El  Pa«o.  During  this  time  the  water  plane 
u*t  the  Porcher  well  No.  1  (an  unused  well  100  feet  from  the  well  of  the 
tkew  pumping  plant)  fell  a  total  distance  of  2  feet,  or  to  an  elevation 
of  3,627.44  above  mean  sea  level.  By  September  5,  1904,  after  four 
davn'  rain  the  water  in  this  well  had  risen  0.15  foot.  The  record  of 
the  week  of  rain  is  given  in  the  table  below.  By  October  2  the  water 
plane  had  risen  0.37  foot  (to  3,627.81  feet).  On  November  20,  1904, 
it  was  within  0.3  foot  of  the  elevation  before  the  2-foot  loss  noted 
above,  and  was  still  rising  at  the  rate  of  about  one-fifth  inch  per  24 
liours.  On  March  7, 1905,  the  water  in  the  well  had  reached  an  eleva- 
tion of  3,630.79,  or  a  total  rise  of  3.35  feet  in  seven  months.  There 
\ras  water  in  the  Rio  Grande  during  all  of  this  period. 

These  observations  show  clearly  that  the  principal  source  of  the 
ground  water  near  Smith's  and  Porcher's  ranches  is  seepage  from 
the  Rio  Grande.  A  heavy  flood  about  October  9  greatly  accelerated 
the  rate  of  rise  of  the  water  plane,  as  is  shown  by  fig.  6,  where  the 
changes  in  level  at  Porcher's  well  No.  1  are  represented  by  a  curve. 

Rainfall,  hi  incheSj  at  El  Paso,  Tex.,  SejUember  1  to  10,  1904t  ««  reported  by  the  ViiU^d 

States  Weather  Bureau, 


September  1 0. 0 

September  2 09 

September  3 63 

e€ptember4 62 

September  5 16 

SeptemberB 61 


September  7 0.09 

September  8 Trace. 

September  9 Trace. 

September  10 0 


Total 


2.10 


CHAPTER    III. 

EXAMINATION    OF    GROUND-WATER    SUPPULES    IX    TIIE 

MESIIiLA    VAIiLEY. 

The  valley  of  the  Rio  Grande  begins  to  broaden  north  of  the  narrows 
in  the  neighborhood  of  El  Paso,  Tex.  Near  Las  Cruces,  N.  Mex.,  the 
level  bottom  lands  are  about  5  miles  wide,  and  irrigation  has  been 
extensively  carried  on  for  many  years.  Besides  the  cit}'  of  Las  Cruoes, 
there  are  situated  in  this  part  of  the  valley  the  villages  of  Mesiila  and 
Mesilla  Park.  Between  old  Fort  Selden,  north  of  Las  Ci"uces,  and 
the  post-offices  of  Berino  and  Anthony,  about  12,000  acres  are  under 
cultivation. 

Owing  to  frequent  shortage  in  the  river  supply  of  water,  a  number 
of  pumping  plants  have  been  installed  for  the  purpose  of  obtaining 
ground  water  for  irrigation.  One  of  the  first  wells  for  this  purpose 
was  drilled  by  the  Agricultural  College  at  Mesilla  Park.  At  this  place 
a  coarse,  water-bearing  gravel  bed  about  12  feet  thick  was  found  at  a 
depth  of  32  feet.  This  gravel  is  overlain  by  quicksand  and  adobe. 
The  water  level  in  the  wells  stood  originally  16  feet  below  the  surface 
of  the  ground.  This  well  was  used  extensively  for  experimental  pur- 
poses, and  later  a  12-inch  well  was  put  down  to  the  same  depth  in  the 
neighborhood  of  the  6-inch  well.  A  great  many  tests  of  different  kinds 
of  pumps  and  engines  were  made  at  these  wells,  and  a  careful  study  was 
made  of  the  cost  of  the  recoverv  of  the  water,  as  well  as  of  the  amount 
of  land  in  various  kinds  of  crops  that  could  be  irrigated  with  the  water 
recovered.  A  report  on  this  work  was  published  in  1903  by  Professors 
Vernon  and  Lester  and  issued  as  a  bulletin  of  the  agricultural  experi- 
ment stiition  at  Mesilla  Park.  As  a  result  of  the  experiments  and  of 
the  published  reports  on  the  wells  at  the  agricultural  station,  a  number 
of  pumping  plants  have  been  installed  during  the  present  season,  and 
many  more  are  likel}'^  to  be  established  in  the  near  future.  For  that 
reason  it  has  become  important  to  have  accurate  information  of  the 
source  of  the  ground-water  supply  in  this  part  of  the  Rio  Grande 
Valley  and  to  determine  the  amount  available  for  such  use. 

A  reconnaissance  near  Las  Cruces  and  Mesilla  Park  indicated  that 

there  is  probably  no  underflow  in  this  valley  in  the  true  sense  in  which 

that  term  is  used,^    The  rainfall  upon  the  catchment  area  northea^st  of 

the  valley  is  very  slight  and  the  run-off  is  correspondingly  low.    It 
22 
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does  not  seem  possible  that  the  ground  waters  which  are  used  for  irri- 
l^ation  could  originate  very  largely  in  the  rainfall  upon  the  neighbor- 
ing mesH  and  the  foothills  and  upon  the  sIojh*s  of  the  Organ  Mountains 


1 06*  50' 


0 


•  Test  v^eNs 


o  Pumping  pJants 


I06"50' 


Fig.  S^^Map  showing  linen  of  test  wells  and  location  of  pumping  plants  near  Las  Cruces  and  Menllla 

Park,  N.  Mex. 

to  the  northeast.  These  mountains  are  v^erv  precipitous,  and  furnish 
in  all  probability  a  very  small  amount  of  run-off  to  the  ground  waters 
of  the  valley. 
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TEST  WELLS. 

For  the  purpose  of  deteraiiiiing  the  source  of  the  grouud  water:s  in 
the  Mesilla  Valley  two  lines  of  test  wells  were  sunk  across  the  valley, 
one  at  right  angles  and  the  other  parallel  to  the  general  direction  of 
the  river.  These  test  wells  were  cased  with  l^-inch  pipe  and  were  pro- 
vided at  the  lower  end  with  a  common  brass  jacket  well  point.  They 
were  sunk  to  such  a  depth  that  the  strainers  would  be  completely  roy- 
ered  with  water  at  all  times. 

The  plan  of  the  test  wells  is  shown  in  fig.  8.  Across  the  valley  are 
9  wells  on  the  average  of  one-half  a  mile  apart.     The   wells  were 


Gradient  of  y<f9ter  p/ane  -  4.64  ft  per  mile 
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Fio.  9.— Position  of  the  water  plane  September  19, 1904,  in  the  two  lines  of  test  wells  show^  in  fig.  K. 

sunk  as  far  as  practicable  along  the  public  highways,  so  as  to  l>e  readily 
accessible  at  all  times.  They  were  drilled  primarily  to  determine  the 
slope  of  the  water  plane  in  the  valley  and  the  changes  in  the  position 
of  the  water  plane  during  fluctuations  in  the  level  of  the  flowing  water 
in  the  Rio  Grande.  In  fig.  9  are  shown  the  results  of  levels  taken  on 
both  lines  of  test  wells.  In  the  upper  part  of  the  diagmni  is  shown 
the  position  of  the  water  plane  September  19,  1904,  in  the  wells  of  the 
north-south  line.  The  Boyer  well,  located  about  5  miles  north  of  the 
northernmost  l^-inch  test  wells,  was  used  as  an  additional  test  well,  so 
as  to  extend  the  north-south  line  for  a  total  distance  of  nearly  Q  miles. 
As  will  be  seen  from  fig.  9,  the  gradient  of  the  water  plane  in  the 
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direction  of  the  north-south  line  of  test  wells  uvoraged  4.t)4  feet  per 
mile  at  the  time  of  the  first  observation  on  Si»ptember  19,  1904.  As 
shown  on  the  lower  part  of  iig.  9  the  water  plane,  in  an  east- west  direc- 
tion, was  nearly  horizontal,  but  near  the  river  it  was  somewhat  higher 
than  at  the  east  end  of  the  line  of  test  wells,  although  the  surface  slopes 
gently  in  the  opposite  direction.  A  slight  elevation  in  this  section  is 
seen  at  station  3.  On  an  average  the  water  plane  in  the  east-west  cross 
section  slopes  about  0.4  foot  per  mile  toward  the  east  end.  It  is  evi- 
dent from  these  cross  sections  that  the  ground  water  must  flow  in  the 
general  direction  of  the  river  valley.  The  direction  of  maximum  slope 
of  the  water  plane  is  shown  in  fig.  8  by  the  large  arrow.  This  arrow 
should,  therefore,  indicate  the  direction  of  flow  of  the  ground  water. 
The  gradient  of  the  water  plane  of  4.64  feet  per  mile  is  very  moderate, 
and  it  is  probable  that  the  real  velocity  of  the  ground  water  is  low. 
The  slight  elevation  at  station  3  indicates  that  at  this  point  the  ground 
water  comes  to  some  extent  from  the  north,  and  does  not  move  from 
east  to  west.  If  such  an  east-west  movement  took  place  the  motion 
would  be  uphill  for  the  entire  distance  from  station  1  to  station  3. 

SOURCE  OF  THE  UNDERFLOW. 

WTien  the  test  wells  were  sunk  it  was  expected  that  the  position  of 
the  water  plane  in  the  wells  would  be  observed  every  week  until  the 
time  of  high  water  in  the  Rio  Grande,  which  would  naturally  be  the 
spring  of  1905.  The  test  wells  were  sunk  in  cooperation  with  Prof. 
J.  D.  Tinsley,  of  the  Agricultural  College  of  New  Mexico,  who  has 
made  weekly  observations  of  the  height  of  the  water  plane  in  them. 
On  October  5, 19(M,  heavy  rains  in  the  Rocky  Mountains  produced  very 
disastrous  floods  in  the  Rio  Grande  and  in  nearly  all  the  rivers  head- 
ing in  the  Coloiudo  Rocky  Mountains.  In  the  neighborhood  of  Las 
Cruces  the  maximum  elevation  of  the  river  was  higher  than  had  been 
observed  at  any  time  in  the  last  ten  years.  The  period  of  very  high 
water,  so  soon  after  the  completion  of  the  test  wells,  furnished  an 
excellent  opportunity  of  observing  the  effect  of  the  floods  in  the  Rio 
Grande  upon  the  ground  waters  of  the  valley.  Instead,  therefore,  of 
waiting  for  the  spring  floods  of  1905,  it  became  possible  to  determine 
immediately  the  essential  facts  in  regard  to  the  effect  of  the  river 
upon  the  ground-water  level.  In  PI.  IV  the  ground-water  levels 
in  the  east-west  line  of  test  wells  are  given  for  each  month  from  Sep- 
tember 19  to  March  26.  The  first  observation  taken  on  October  1 
shows  that  the  water  had  risen  0.4  foot  since  September  19.  On 
October  9,  however,  the  water  at  station  8  was  1.6  feet  higher  than  on 
October  1.  This  was  due  to  the  flood  of  October  5.  The  flood  raised 
the  ground  water  at  station  8  about  0.7  of  a  foot  more  during  the  next 
week,  but  from  October  16  to  23  the  small  rise  of  0.1  of  a  foot  indi- 
cates that  by  October  23  the  ground- water  level  at  station  8  had  tem- 
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poi-arily  reached  its  highe.st  position.  Therefore,  as  a  result  of  the 
flood,  the  gradient  of  the  water' plane  immediately  adjacent  tc>  the 
river,  between  stations  8  and  7,  increased  from  0.7  of  a  foot  per  mile 
to  2.3  feet  per  mile.  The  direction  of  Yiiovement  of  the  water  in  the 
gravel  was  therefore  undoubtedly  downstream,  even  during  times  of 
flood,  for  while  the  east-west  gradient  increased  to  2.3  feet  to  the  mile 
in  the  immediate  neighborhood  of  the  river,  the  original  downstream 
gradient  of  4.64  feet  to  the  mile  was  not  materially  affected.  The  test 
wells  in  the  north-south  line  have  not  shown  a  departure  of  more  tlian 
0.1  of  a  foot  from  the  original  levels  on  September  19. 

The  table  contains  the  observations  on  both  sets  of  test  wells  until 
March  26, 1905.  The  Rio  Grande  had  water  in  it  continuouslv  darinjr 
this  time.  In  high  stages  of  the  river  the  water  in  the  welV>  still 
further  rose,  as  is  shown  by  the  table  and  tig.  8.  The  total  rise  at 
station  8,  located  0.4  mile  from  the  river,  was  substantially  5  feet. 
The  effect  of  the  river  can  be  traced  at  least  2  miles  from  its  east 
bank.  The  rise  at  stations  1  and  2  during  March,  1905,  took  place 
after  irrigation  had  begun  and  is  largely  due  to  that  cause. 

Elevation  of  ground  watery  in  feet ^  above  datum,^  in  eaM-tvest  line  of  test  wdh  near  Memlla 

Parky  N.  Mex. 

[Feet  above  datum.] 


Date. 

No.i. 

No.  2. 

No.  3. 

No.  4. 

I-      - 

No.  5. 

No.  6. 

No.  7. 

No.  8. 

1 

1904. 

September  19 

22.60 

23.  03 

23.45 

23.19 

22.57 

23.14 

23.85 

23.85 

October  1 

22.61 

23.10 

23.  43 

23.15 

22.85 

23.19 

23.16 

24.  2h 

October  9 

22.74 

23.21 

23.50 

23.15 

22.85 

23.19 

23.38 

25.85 

October  16 

22,77 
22.77 
22.77 
22.74 
22.77 

23.  23 
23.  23 
23.21 
23.18 
23.  20 

23.48 
23.46 
23.42 
23.36 
23.  36 

23.13 
23.13 
23. 13 
23.08 
23.09 

22.86 
22.83 
22.86 
22.84 
22.86 

23.14 
23.12 
23.07 
23.08 
23. 10 

23.59 
23.73 
23.81 
23.94 
24.  a')  ■ 

26.  18 

October  23 

26.22 

October  30 

26.  2K 

Novem))er  6 

26.36 

November  13 

26.:i8 

November  20 

22.  T6 

23.16 

23.32 

23.06 

22.83 

23.10 

24.13 

26.34 

November  27 

22.77 

23. 18 

23. 34 

23. 03 

22.83 

23.11 

24. 18  . 

26.42 

December  18 

22.69 

23.  08 

23.  27 

23. 00 

22.84 

23.22 

24.41  ' 

26.59 

19a5. 

1 

Januarv  15 

22.  52 
22.50 
22.52 
22.98 
23.12 

22.96 
22.96 
22.96 
23.06 
23.  34 

23.10 
23.  05 
23. 01 
23. 01 
23.12 

22.  81 
22.79 
22.83 
22.95 
22.98 

1 

I 

22.72 
22.74 
22.89 
23. 01 
23.04 

23.25 
23.48 
23.73 
23.82 
23.97 

24.51 
24.66 
24.83 
25.10  ' 
25.37 

1 

26.85 

Februarv  5 

26.  78' 

Februarv26 

27.20 

Manh  12 

28.20 

March  26 

28,59 

a  Datum  plane  3,800  feet  above  mean  sea  leveL 


a  a  QEOUOQICAL  SURVEY 


3.828 
Fe«t 


3.827  — 


3,926 


3,825 


3,824 


3,823 


DIAGRAM    SHOWING   VARIAT 

TEST    WELL 
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Elemtion  of  ground  nxiUn\  in  feet^  alwve  daiumy «  in  north-miUh  line  of  test  welU  near 

MesiUa  Parky  N.  Mex. 


[Feet  above  datum.] 

Date. 

No.  10. 

No.  U. 

No.  12. 

20.75 
20.65 
20.71 
20.71 
20.70 
20.63 
20.65 
20.64 
20.63 

No.  18. 

No.  14. 

1904. 

September  20 

October  1 

27.54 
27.56 
27.68 
27.56 
27.52 
27.40 
27.46 
27. 44 
27.43 
27.40 
27.40 

27.25 
27.29 
27.46 
27.59 
27.59 

25.14 
25.12 
25.11 
25.14 
25.12 
25.04 
25.07 
25.06 
25.03 
25.03 
25.03 

24.89 
24.91 
25.07 
25.16 
25.19 

18.07 
18.08 
18.16 
18.18 
18.16 
18.08 
18.11 
18.11 
18.10 

14.96 
14.94 

October  9 

15. 01 

October  16 

15. 07 

October  23 

15.09 

October  30 

November  6 

15.04 
15.11 

November  13 

15. 14 

November  20 

15.16 

November  27 

December  18 

20.64 

20.54 
20.54 
20.68 
20.83 
20.84 

18.14 

18.05 
18.18 
18.50 
18.59 
18.58 

15.29 

1905. 
January  15 

15.25 

February  5 

February  26 

March  12 

15.29 
15.46 
15.59 

March  26 

15.65 

a  Datum  plane  8,800  feet  above  mean  sea  level. 

The  observations  of  the  tent  wells  show  that  the  ground  waters  in  the 
Mesilla  Valley  originate  in  the  flood  waters  of  the  river.  During  times 
of  low  water  the  river  bed  is  so  thoroughly  covered  with  mud  that 
probably  only  a  small  amount  of  water  escapes  in  the  sand  and  gravels 
of  the  valley.  During  the  period  of  flood,  when  the  scour  is  deep,  the 
contributions,  of  the  river  to  the  underflow  reach  a  maximum,  as  at 
that  time  the  greatest  amount  of  water  is  available  for  this  purpose. 

The  observations  of  the  ground-water  level  indicate  also  that  a  small 
portion  of  the  underflow  reaches  the  river  valley  from  the  mesa  and 
foothills  to  the  north  and  east  of  Las  Cruces.  The  changes  in  the  east- 
west  line  of  water  levels  reached  a  maximum  at  the  west  end  at  station 
8,  with  a  secondary  maximum  at  the  east  end  at  station  1.  The  high 
floods  in  the  river  were  accompanied  b}^  rainfall  on  the  mountains  and 
mesa  to  the  north  and  east  of  Las  Cruces,  and  a  sufficient  amount  of 
water  penetrated  the  ground  to  cause  the  elevation  of  the  water  plane 
shown  at  the  eastern  end  of  the  diagram.  It  will  be  observed  that  the 
total  change  in  elevation  at  stations  1  and  2  was  0.2  of  a  foot.  This 
change  took  place  almost  simultaneously  with  the  rise  at  station  8. 
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Nevertheless,  a  nlight  indication  of  a  lag  in  the  rise  of  stations  1  and  2 
can  he  ohserved  from  the  diagram.  The  table  on  p.  26  gives  the  ele- 
vation of  the  water  in  the  test  welts  as  observed  bv  Professor  Tiiu*lev 
between  September  19,  19(Ki,  and  March  26,  1905. 

INDICATIONS  OF  THE  AMOUNT  OF  GROUND  WATER  AVAILABLE. 

The  following  table  gives  the  rate  at  which  water  was  contributed  to 
the  underflow  at  Mesilla  Park  by  the  river,  and  also  by  the  rainfall  on 
the  foothills  and  mountains  northeast  of  the  river  valley.  The  total 
amount  contributed  by  the  river  during  the  thirty -three  days  com- 
prised in  the  period  of  observation  was  8,900,000  cubic  feet  of  water 
for  each  linear  mile  of  the  river. valley.  Of  this  amount  5,120JKK> 
cubic  feet,  or  more  than  half,  was  contributed  in  eight  days,  between 
October  1  and  9,  which  include  the  flood  beginning  October  6.  In 
column  4  of  the  table  is  given  the  rate  at  which  1  linear  mile  of  the 
river  channel  furnished  water  to  the  underflow,  expressed  as  a  contin- 
uous flow  in  cubic  feet  of  water  per  second.  These  same  facts  are 
expressed  in  gallons  per  minute  in  column  5.  The  average  rate  of 
contribution  for  the  33-day  period  was  3.03  cubic  feet  per  second,  or 
1,360  gallons  a  minute.  If  a  plant  which  pumped  continuously  1,860 
gallons  a  minute  was  installed  for  each  mile  of  the  river  valley,  all 
the  water  contributed  by  the  river  would  be  pumped,  and  the  level 
of  the  ground  water  at  the  end  of  the  period  would  be  the  same  a^^ 
at  the  beginning.  Any  greater  rate  of  pumping  would  have  a  tend- 
ency to  lower  the  water  plane  below  its  initial  value  and  make  a  draft 
upon  the  permanent  supply  stored  in  the  gravels. 

In  columns  6,  7,  and  8  is  given  the  amount  contributed  to  the 
underflow  by  the  rainfall  upon  the  mesa,  northeast  of  the  valley. 
The  total  amount  contributed  during  the  thirty-three  days  covered  by 
the  table  was  1,517,000  cubic  feet  of  water  per  mile  of  valley — an 
average  flow  of  0.515  cubic  foot  per  second,  or  232  gallons  a  minute. 
During  the  last  week  covered  by  the  table  the  gravels  near  the  ea.*«tern 
edge  of  the  valie}'^  lost  water  instead  of  gaining,  and  the  entries  in  the 
table  for  this  period  are  negative.  A  well  pump  drawing  232  gallons 
of  water  per  minute,  if  operated  continuously  during  the  33-day  period, 
would  just  consume  the  seepage  from  the  rainfall  contributed  by  1 
linear  mile  of  the  valley. 
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Amou7d  o/vHjUrr  rwUrilrtUhn  to  (he  underflow  of  the  Rio  Grande  near  Memlla  Pari:, 

X.  Mex.^  between  September  20  and  October  23^  1904. 


1. 


Dates. 


September  20  to 
October  1 


Amount  of  ground  water  contrib- 
uted by  eac'li  mile  of  the  river. 


Amount  of  ground  water  contrib- 
uted by  rsdnfall  upon  me<»  east 
of  the  valley  per  mile  of  river 
valley. 


4. 


5. 


6. 


7. 


October  1  to  9«.. 
October  9  to  16.. 
October  16  to  23. 

Total 

A  verage  per  day . 


•^      f    ('ubic  feet  of  , Cubic  feet 

aI'JI    '  water  per  24  per  aec- 

^*>*-          hours.  ond. 

11          110,500  1.28 

8  1      640,000  7.40 

7         248, 000  2. 87 

7         117,200  1.36 

33  ^8,900,000    

270,000 


Gallons     Cubic  feet  of  Cubic  feet!  Gallons 


per  min-     water  per  24     per  iec- 
ute.  hours.  ond. 


575 
3,330 
1,290 

745 


3.  03 


1,360 


40,500 

152,000 

29,900 

5, 950 

M,  517, 000 
45,  800 


0.47 
1.76 

.069 


per 
minute. 


211 

794 

155 

-  31 


515 


232 


o  Heavy  flood  on  Octol)er  ft.  1904. 

ff  Total  amount  contributed  for  each  mile  of  the  valley  in  thirty-three  days.  Converting  cubic  feet 
into  acre-feet  we  find  that  the  river  lost  204  acre-feet  of  water  to  the  gravels  of  the  underflow  in 
\hirty-three  days,  and  84.8  acre-feet  were  contributed  by  the  rainfall  in  the  same  period.  These 
amounts  are  for  each  mile  of  the  valley. 


NECESSITY  FOR  DEEP  WELLS. 

The  examination  of  the  underflow  of  the  Mesilla  Valley  was  con- 
fined  exclusivel}'  to  the  zone  of  ground  waters,  in  which  are  all  of  the 
irrigation  wells  of  the  valley.  These  wells  have  a  depth  of  from  48 
to  63  feet,  and  contain  no  more  than  12  linear  feet  of  strainer  at  the 
bottom.  In  some  cases  quicksand  or  silt  was  encountered  at  the  lx)t- 
tom  of  the  water-bearing  gravels,  but  in  other  cases  the  drill  was 
stopped  while  still  in  good  material.  There  are  no  deep  wells  in  the 
valley,  but  there  is  no  indication  that  good  gravels  will  not  be  met  with 
at  greater  depths  than  those  known  at  present.  There  seems  to  be  a 
reasonable  expectation  of  increasing  enormously  the  specific  capacities 
of  the  wells,  and  consequently  the  amount  of  ground  water  available 
for  irrigation  by  drilling  wells  to  greater  depths.  There  is  great  need 
of  an  experimental  well  several  hundred  feet  in  depth  that  will  test 
satisfactorily  the  ultimate  possibilities  of  ground-water  supph'. 
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OBSERVATIONS  AT  BERINO,  N.  MBX. 

Berino  is  situated  in  the  Rio  Grande  Valley  15  miles  south  of  Las 
Cruces.     The  ground  water  in  this  part  of  the  valley  lies  for  the  u\o>t 


— — •  /.5mi/os  (approx.) 


Fio.  10.— Cross  section  of  part  of  Rio  Grande  Valley  at  Berino,  N.  Mex.,  showing  position  of  the  water 
plane  on  September  16, 1904.  Water  could  not  be  found  in  a  hole  excayated  3^  feet  below  the  level 
of  running  water  at  the  edge  of  channel  of  the  Rio  Grande. 

part  within  8  or  }♦  feet  of  the  surface.  There  is  much  ''bosque,"  or 
lowland,  which  is  covered  with  dense  growth  of  timber,  and  in  which 
the  water  plane  is  even  nearer  the  surface. 

A  line  of  levels  was  run  across  the  bottom  lands  of  the  valley  at 
this  point  and  the  wells  of  the  Horaco  Ranch  Company  used  to  deter- 
mine the  position  of  the  water  plane.  As  shown  on  fig.  10,  the  water 
plane  is  nearly  level  in  section  A  at  right  angles  to  the  river  valley, 
in  which  respect  the  situation  at  Mesilla  Park  is  practically  duplicated. 
A  hole  excavated  to  a  depth  of  3.47  feet  below  the  surface  of  the 
running  water  in  the  river  was  dr}^  at  the  l>ottom.  The  water  plane 
is  therefore  some  distance  below  the  running  water  at  low  stages  of 
the  river,  as  at  Mesilla  Park  and  at  points  below  El  Paso.  The  losses 
of  the  river  to  the  sands  and  gravels  of  its  channel  are  undoubtedly 
small  during  low  stages  of  water  when  the  silt  is  heavil}"  depasited. 
The  principal  contribution  of  the  river  to  the  underflow  must  take 
place  during  flood  when  the  scour  is  deep. 

In  addition  to  the  heavy  autumn  floods  described  above,  verj-  heavy 
floods  came  down  the  Rio  Grande  Valley  during  the  spring  of  1905. 
There  was  a  good  run  of  water  during  the  entire  winter.  On  thiij 
account  the  ground  water  at  Berino  in  May,  1905,  had  risen  about  4 
feet  above  the  level  shown  at  the  pumping  plants  in  fig.  10. 


CHAPTER  IV. 

SUMMARY  OF  TE8T8  OF  PrMPIXG  PLANTS  IN  SOUTHERN 
NEW  MEXICO  AND  TRANS-PECOS  TEXAS. 

The  table  on  pp.  34-35  shows  the  results  of  tests  of  a  number  of 
pumping  plants  used  for  irrigation  in  the  valley  of  the  Rio  Grande  in 
southern  New  Mexico  and  trans-Pecos  Texas.  Most  of  the  headings 
in  the  table  explain  themselves.  Under  the  heading  ''Location"  is 
given  the  post-office  nearest  to  the  ranch  on  which  the  pumping 
plant  is  located.  The  first  three  pumping  plants,  those  of  Felix  Mar- 
tinez, W.  N.  French,  and  E.  J.  Hadlock,  are  located  about  3  miles 
eavst  of  El  Paso,  Tex.  The  plants  of  J.  A.  Smith  and  J.  S.  Porcher 
are  situated  in  the  valley  of  the  Rio  Grande  about  8  miles  east  of  El 
Paso,  Tex.  The  plants  of  Barker,  Boyer,  Burke,  Carrera,  Hager, 
Hines,  Roualt,  Totten,  and  the  Agricultural  College  are  located  in  the 
valley  of  the  Rio  Grande  in  the  neighborhood  of  Las  Cruces,  N.  Mex. 
The  pumping  plants  of  the  Horaco  Ranch  Company  are  located  near 
the  post-office  of  Berino,  N.  Mex.,  which  is  situated  24  miles  north  of 
El  Paso  and  17  miles  south  of  Las  Cruces. 

The  fuel  used  in  most  of  these  pumping  plants  is  gasoline,  which 
terra  as  here  used  includes  the  ''distillate^'  manufactured  from  Texas 
crude  oil,  which  is  extensively  used  for  fuel  purposes.  Its  calorific 
value  is  somewhat  less  than  that  of  the  gasoline  used  in  the  Eastern 
States. 

DETERMINATION  OF  VACUUM. 

In  all  of  the  plants,  except  the  one  of  PI.  J.  Hadlock,  water  is  raised 
by  means  of  centrifugal  pumps,  which  are  usually  coupled  directly  to 
the  top  of  the  well  casings.  In  order  to  determine  the  suction  of  the 
pumps  it  was  necessary  to  drill  a  hole  in  the  goose  neck  of  the  cen- 
trifugal pumps  and  insert  the  vacuum  gage.  The  measurements  to 
detennine  the  distance  the  pumps  were  obliged  to  lift  the  water  were 
made  from  this  vacuum-gage  tap  as  datum  in  all  cases.  In  column  6 
is  given  the  distance  the  pump  is  required  to  lift  the  water  above  the 
vacuum-gage  tap.  In  column  7  the  vacuum  reading  is  given  in  feet 
of  water.  The  total  lift  of  the  pump  can,  therefore,  be  found  in  each 
case  by  adding  the  corresponding  numbers  in  colunuis  6  and  7.  In 
column  8  is  given  the  distance  that  the  water  in  the  well  is  lowered 

during  pumping.     If  the  vacuum  gage  had  been  placed  at  the  exact 
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level  of  the  uiidisturlHHl  ground  water,  the  readings  in  column  8  would 
l)e  identical  to  those  in  column  7.  The  numbers  in  column  8  are  le^?^ 
than  those  in  column  7,  because  in  all  cases  the  vacuum  gage  stood 
some  distance  above  the  natural  level  of  the  water  in  the  well. 

The  vacuum  gage  was  carefully  calibrated  against  a  mercury  column 
at  an  altitude  of  3,720  feet  above  mean  sea  level,  and  the  corrected 
readings  are  tabulated  in  all  cases.  In  cases  in  which  there  were  no 
foot  valves  in  the  suction  pipe,  the  depth  of  the  well  and  the  position 
of  the  water  plane  could  be  determined  by  sounding  through  the 
quarter-inch  hole  drilled  for  the  vacuum  gage. 

SPECIFIC  CAPACITY. 

The  numbers  in  column  11  express  the  readiness  with  which  the 
well  furnishes  water  to  the  pump.  In  each  case  the  result  wa< 
obtained  by  dividing  the  numbers  in  column  10  by  the  corresponding 
numbers  in  column  8;  column  11,  therefore,  expresses  the  amount  of 
water  the  wells  would  furnish  if  the  water  level  in  them  was  lowered 
but  one  foot.  These  numbers  constitute  what  is  known  as  the  '*  spe- 
cific capacity ''  of  the  well,  and  are  large  in  case  of  a  good  well  and 
small  in  case  of  a  poor  well.  This  subject  is  more  fully  discussed  in 
Water-Supply  Paper  No.  140,  Chap.  VII, 

In  column  12  are  given  the  same  magnitudes  as  in  column  11,  reduced 
in  each  case  to  1  square  foot  of  well  strainer.  The  numbers  in  this 
column,  therefore,  express  the  amount  of  water  in  gallons  per  minute 
furnished  by  1  square  foot  of  well  strainer  under  a  head  of  1  foot  of 
water.  They  are  a  numerical  expression  of  the  degree  of  coarseness 
of  the  material  in  which  the  well  is  placed. 

COST  AND  OPERATING  EXPENSES. 

In  column  13  are  given  the  costs  of  the  plants  expressed  in  round 
numbers.  They  are  nearly  equivalent  in  most  cases  to  $100  per  horse- 
power for  the  total  cost  of  engine,  pump,  and  wells.  In  a  few  special 
cases  the  cost  was  higher.  In  estimating  the  expense  of  operation,  an 
allowance  of  10  per  cent  has  been  made  for  the  depreciation  and 
repairs  and  of  8  per  cent  for  intei^est.  It  is  difficult  to  make  an 
accurate  estimate  of  the  proportion  of  cost  that  should  be  charged  up 
to  the  water  recovered  by  an  irrigation  plant,  on  acx'ount  of  the  pres- 
ence of  several  unknown  factors.  If  the  plants  were  in  operation 
every  day  in  the  year  it  would  be  relatively  eiusy  to  make  an 
accurate  estimate  of  these  factors  in  the  operating  expense.  As  it  is, 
the  plants  are  in  opeitition  for  a  longer  or  shorter  period,  depending 
on  circumstances  which  v^ary  from  year  to  3'ear.  Most  of  the  plants 
are  used  merely  as  auxiliaries  to  the  supply  of  ditch  water.  In  mak- 
ing the  estimate  of  the  charire  for  interest  and  depreciation  it  has  been 
assumed  that  the  plants  are  in  operation  for  two  thousand  hours  each 
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season.  This  corresponds  to  a  continuous  use  of  three  months  of 
twenty-four  hours  daily,  or  two  hundred  days  of  ten  hours  eac*h.  It 
probably  represents  a  fair  avem^je  of  the  actual  conditions. 

In  column  15  there  is  given  a  charge  for  labor  and  such  other  inci- 
dental expense — including  oil  and  batteries — as  is  not  properly  included 
under  the  head  of  depreciation.  The  operation  of  the  gasoline  plants 
can  be  easily  put  in  charge  of  unskilled  labor,  and  for  the  smaller 
plants  full  time  is  not  required  of  such  labor. 

FUEL  COST. 

That  part  of  the  operating  expenses  which  is  properly  chargeable 
to  fuel  cost  can  be  accurately  determined.  Column  16  expresses  the 
cost  for  fuel  per  hour,  (column  18  expresses  the  cost  per  acre-foot  of 
water  recovered.  In  column  17  are  given  the  costs  of  fuel  for  lifting 
1,000  gallons  of  water  through  a  distance  of  1  foot.  For  the  purpose 
of  comparison  these  results  are  expressed  in  fractional  parts  of  a  cent. 

In  column  5  is  given  the  price  of  fuel.  The  price  of  gasoline  is  given 
in  cents  per  gallon  in  barrel  lots.  The  price  of  electricit v  is  given  in 
cents  per  kilowatt  hour.  Cost  of  wood  at  the  ranch  of  T.  Koualt  is 
that  of  Cottonwood  per  cord.  The  price  of  wood  at  the  Agricultural 
College  of  $2.25  per  cord  is  the  rate  for  small  Tornillo  wcxxi,  which 
has  a  higher  calorific  value  than  the  cottonwood  used  by  Koualt. 
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COMMENTS  ON  THE  RIO  GRANDE  PUMPING  PLANTS. 

The  pumping  plants  of  Martinez,  French,  .Iladlock,  Smith,  and 
Porcher  are  all  located  in  the  bottom  lands  of  the  Rio  Grande,  from  :*> 
to  8  miles  east  of  El  Paso,  Tex.  Column  12  of  the  table  shows  that 
the  specific  capacity  per  square  foot  of  well  strainer  is  nearly  the  same 
at  the  plants  of  Martinez,  French,  Smith  No.  2,  and  Porcher,  ranging 
from  between  1.21  gallons  a  minute  at  Martinez's  well  to  1.37  gallons 
at  French's  well.  These  numbers,  it  should  be  remembered,  repre- 
sent the  amount  of  water  furnished  by  each  square  foot  of  well  strainer 
for  1  foot  head  of  water,  and  express,  therefore,  the  degree  of  coar^ene,s> 
of  the  material  in  which  the  stitiiner  is  placed,  provided,  of  course,  that 
the  well  strainers  themselves  offer  little  or  no  resistance  to  the  adoiission 
of  water  to  the  well.  The  specific  capacity  per  square  foot  of  strainer 
at  the  Smith  plant  No.  1  and  at  the  Hadlock  plant  is  much  smaller 
than  at  the  others.  In  the  case  of  the  Hadlock  well,  the  low  specific 
capacity  is  no  doubt  due  to  the  fact  that  three  of  the  Hadlock  welh 
obtain  water  from  above  a  clay  which  overlies  the  sand  and  gravel  from 
which  the  fourth  well  and  the  neighboring  wells  of  Martinez  and  French 
draw  their  supply.  Furthermore,  the  strainers  on  the  three  Hadlock 
wells  consist  of  .nothing  but  common  pipe  perforated  with  round  hole:^. 
This  poor  form  of  strainer  is  sufficient  in  itself  to  cut  down  very 
materially  the  specific  capacity  of  the  wells. 

The  low  specific  capacity  at  Smith's  plant  No.  1  is  probabh'  due 
chiefly  to  a  local  deposit  of  fine-sized  water-})eariiig  sand.  There  is  no 
covering  la^er  of  day  over  the  water-bearing  sands  and  gravels  at 
these  wells.  The  sands  contain  so  little  coarse  material  that  fine  sand 
is  constantly  being  drawn  into  the  wells  by  the  pumps.  This  draft  on 
the  sand  deposit  at  the  easternmost  of  the  three  wells  at  Smith's  plant 
No.  1  is  so  great  that  several  wagon  loads  of  gravel  have  been  placed 
in  the  pit  of  the  east  well  to  replace  the  sand  removed  by  the  pumps. 

The  tests  of  the  D  wells  in  Rio  Grande  Valley  near  Las  Cruces, 
N.  Mex.,  form  an  interesting  studv.  The  relative  locations  of  these 
9  wells  are  shown  in  fig.  8.  The  rank  of  these  wells  in  order  of  specific 
capacities  per  scjuare  foot  of  well  strainer  is  as  follows: 

Spt'cific  caparitiiy  i}i  gallons  per  minute j  ofweih  tienr  Lan  (JrvLCcs,  X.  Mex.,  per  gfpxare  fcftit 

of  strt  liner. 

OaK  per  in  in. 

Carrera 3. 5o0 

Agricultural  College...   .   2.3'JO 

Mrs.  Boyer 1.9fiy 

Hines l."«) 

Rurke 9^^ 

Hager "<^' 

Totten W 

Roualt 627 

Barker 337 
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The  first  throe  of  these  wells  are  located  near  the  eastern  edg-e  of 
the  river  valley,  and  their  hij^^h  specific  capacity  is  undoubtedly  due 
to  coai*se  mountain  debris  that  has  l)een  deix)sited  alon^  the  eroded 
edge  of  the  mesa.  The  high  specific  capacity  at  Hines's  plant  seems  to 
l>c  an  exception  to  the  general  lower  avex'age  prevailing  in  the  inter- 
mediate district  between  the  border  of  the  mesa  and  the  river  channel, 
as  at  the  plants  of  Ilager,  Totten,  Burke,  and  Barker.  The  low  spe- 
cific capacity  of  the  Barker  well  is  due  in  part  to  its  small  diameter, 
and  it  is  to  be  classed,  therefore,  with  the  Burke,  Totten,  and  Hager 
wells  rather  than  with  the  Koualt  well.  This  lust  well  is  close  to  the 
river  channel.  Its  low  specific  capacity  is  an  indication  of  the  pro- 
gressive fineness  of  the  deposits  as  the  river  is  approached. 

The  specific  capacities  should  be  considered  exceptionally  high  in 
the  first  wells  in  the  al)ove  list,  rather  than  exceptional I3'  low  in  the 
others.  Even  the  specific  ca])acitv  of  the  Koualt  well — over  one-third 
of  a  gallon  a  minute  per  square  foot  of  well  stminer — would  be 
regarded  as  high  in  many  parts  of  the  country. 

The  specific  capacity  of  the  three  wells  on  the  Horaco  ranch  near 
Berino,  N.  Mex. ,  presentan  interesting  study.  These  plantsare  located 
but  a  few  hundred  feet  apart  and  are  identical  in  all  respects  except  in 
the  depth  of  the  wells.  Nos.  2  and  3  are  9 8  inches  in  diameter,  and  No.  1 
is  7 1  inches  in  diameter.  Each  has  18  linear  feet  of  well  strainer  at 
the  bottom,  formed  by  drilling  l^-inch  holes  in  the  (rasing  and  wrap- 
ping the  casing  with  No.  9  galvanized  iron  wire,  leaving  one-eighth 
inch  space  l)etween.  The  enormous  diflference  in  the  specific  capaci- 
ties of  these  wells  is  entirely  due  to  the  fact  that  No.  1  is  75  feet  deep, 
No.  2  is  53  feet  deep,  and  No.  3  is  62  feet  deep.  The  small  expense 
necessary  to  sink  well  No.  2  from  a  depth  of  53  feet  to  a  depth  of  76 
feet  should  change  the  cost  of  the  water  recovered  from  $10.90  per 
acre-foot  to  $2.21  per  acre-foot. 

Most  of  the  pumping  plants  near  Las  Cruces  have  been  very  recently 
constructed,  and  changes  will  undoubtedly  be  made  in  many  of  them 
as  the  result  of  the  experience  of  the  present  irrigation  season.  The 
wells  at  the  Agricultural  College  were  the  first  ones  sunk  in  this  part 
of  the  valley,  and  an  excellent  report  on  the  tests  of  these  wells,  by 
Professors  Vernon  and  Ijcster,  was  issued  in  April,  1903.  The  verj^ 
high  specific  capacity  of  the  college  wells  has  influenced  the  construction 
of  the  other  plants.  With  a  few  exceptions,  it  may  be  said  that  at  the 
pumping  plants  in  Mesilla  Valle}'  the  engines  and  pumps  are  entirely 
too  large  for  the  wells,  or  the  wells  are  too  small  for  the  pumps  and 
engines.  By  comparing  the  high  lifts  recorded  in  column  nine  of  the 
table  with  the  amount  of  lowering  of  the  water  in  the  well,  which  is 
recorded  in  column  eight,  it  will  be  seen  that  the  lift  of  many  of  the 
plants  can  be  considembly  de<*reased  by  increasing  the  amount  of 
strainer  surface  in  the  wells.     In  most  cases  this  will  make  necessary 
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the  sinking  of  additional  wells,  as  the  stminer  surface  can  not  be 
otherwise  sufficiently  increased.  The  necessity  of  keeping  the  lift  of 
the  pump  down  to  a  minimum  is  greatl}'^  emphasized  in  irrigation 
plants,  and  large  strainer  surface  is  the  first  requisite. 

The  efficiency  of  the  smaller  plants  can  also  be  increased  bj  the 
construction  of  stomge  reservoirs  or  ponds  for  the  accumulation  of 
water  before  it  is  used  for  irrigation.  In  this  way  the  duty  of  the 
water  can  be  considerably  increased.  Barker's  plant  is  the  only  om* 
having  such  reservoirs.  For  plants  that  yield  over  a  second-foot  of 
water  the  reservoir  is  undoubtedly  of  little  additional  value. 

The  investigation  showed  that  generally  the  speed  of  the  centrifugal 
pumps  had  not  been  properly  adjusted,  and  in  nearl}'  all  cases  was  loo 
high.  This  was  undoubtedly  due  to  the  fact  that  the  vafniuni  had 
never  been  determined,  so  that  the  total  lift  of  the  pumps  wa> 
unknown.     A  table  of  observed  and  of  correct  speeds  follows: 

Sizes  and  speeds  {in  recoluti^ns  per  7nintUe)  of  centrifugal  pumps  used  in  tiie  Rio  Gmwi* 

pumping  plants. 


Name  of  plant. 


Martinez 

French 

Smith  No.  1 . . 
Smith  No.  2.. 

Porcher 

Barker 

Mrs.  Boyer . . 

Burke , 

Carrera 

Hager 

Hines 

Roualt 

Totten 

HoracoNo.  1. 
Horaco  No.  2. 
Horace  No.  3. 


Kind  of  pump 


Byron  Jackson  No.  5 
Byron  Jackson  No.  4 
Fairbanks  Morse  No.  6 
Byron  Jackson  No.  7 
Byron  Jackson  No.  5 
Byron  Jackson  No.  3 
Byron  Jackson  No.  5 
Byron  Jackson  No.  6 
Byron  Jackson  No.  5 

do 

Rumsey  No.  4 

Van  WieNo.  3 

Byron  Jackson  No.  6 
Byron  Jackson  No.  5 

do 

do 


585 
712 
1,110 
730 
733 
560 
668 
594 
525 
692 
695 
700 
692 


592 
629 
1,244 
665 
585 
527 
619 


m 

513 
624 
598 


CHAPTER   V. 

LIKTAIIiS  OF  TESTS  OF  PUMPING  PliANTS. 

The  following  pages  contain  detailed  accounts  with  diagrams  of  the 
various  pumping  plants  discussed  in  general  terms  in  the  preceding 
chapter  of  this  report.  The  location  of  the  various  plants  is  marked 
in  figs.  4  and  8. 

PLANTS  NEAR  EL  PASO,  TEX. 
PIJINT   OF   K.  J.  HADLOCK. 

The  plant  of  E.  J.  Hadlock  is  located  near  the  main  country  road 
near  El  Paso,  Tex.,  about  400  feet  east  of  the  pumping  plant  of  Felix 
Martinez.  Water  is  pumped  b}^  a  Si-horsepower  horizontal  Otto  gas- 
oline engine  geared  to  a  horizontal  double-acting  piston  pump.  The 
wells  consist  of  four  4r-inch  wells,  arranged  as  shown  in  figs.  11  and  12. 
Three  of  the  wells,  Nos.  1,  2,  and  8  in  fig.  10,  draw  surface  water  from 
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Fio.  11. — Plan  showing  arrangement  of  wgIIh  at  Hadlock'ci  pumping  plant. 

above  a  clay  stratum.  The  fourth  well,  which  is  54.35  feet  deep  and 
penetrates  the  surface  water  and  clay,  obtains  very  good  water  from 
a  deposit  of  sand  and  gravel  i»elow  the  clay. 

Wells  Nos.  1,  2,  and  3  are  about  30  feet  deep.  Each  of  these  has  6 
feet  of  perforated  iron  pipe  on  the  bottom,  while  well  No.  4  has  a 
6-foot  strainer  constructed  of  perforated  galvanized  iron.  During  the 
test  the  engine  made  210  revolutions  antl  81  explosions  per  minute. 
The  pump  made  69  strokes  per  minute.  The  vacuum  gage  attached 
to  the  suction  pipe  fluctuated  very  erj-atically,  showing  that  the  pump 
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valves  were  badly  worn.  One  end  of  the  pump  seemed  to  be  workiiijr 
very  well  and  showed  a  vacuum  of  22  inches,  which  is  equivali»nt. 
when  corrected  for  altitude,  to  20  inches  of  niercurv  or  22.6  feet  of 
water.  The  lift  of  the  pump  above  the  vacuum  gage  wa«  5.2  feet, 
making  a  total  lift  of  27.8  feet.  The  distance  from  the  vaouum-gat^o 
tap  to  the  water  plane  was  9.76  feet.  The  water  in  the  well  wa^ 
lowered  13.08  feet  during  pumping. 

The  discharge  of  the  pump  was  determined  by  means  of  a  fullv 
contracted  weir,  which  was  placed  in  the  main  irrigating  ditch.  Tin- 
width  of  the  crest  was  1.01  feet,  height  of  water  on  the  crest  Was  o.:^i:i 
feet,  and  the  discharge  was  258  gallons  per  minute.  The  pump  cylin 
ders  were  9i  by  14  inches.  With  the  speed  noted  above  the  pump 
should  discharge,  if  no  allowance  l)e  made  for  slip,  507  gallons  ptr 
minute.  It  is  seen  that  the  slip  of  the  pump  wa*?  49  per  cent,  which 
shows  that  the  valves  at  one  end  of  the  pump  were  doing  practically 
no  work  at  all. 


Fi  .  12.— EU'vatioTi  of  wells  at  Hadl<»ok's  pumping  plant  ne-ar  El  Paso.  Tt'X. 

At  well  No.  4  the  elevation  above  mean  sea  level  of  the  water  piano 
on  August  29,  1904,  was  3,(542.08  feet,  that  of  the  top  of  tee  on  casinjr 
of  this  well  and  of  the  vacuum-gage  tap  was  3,()51.652  feet,  and  that 
of  the  surface  was  3,(j56  feet. 

From  the  discharge  (258  gallons  per  minute)  and  the  amount  that 
the  water  Unel  \\\  the  well  was  lowered  during  pumping  (13.03  feet), 
it  is  estimated  that  the  specific  capacity  of  the  group  of  four  wells  is 
19.8  gallons  per  minute.  As  the  combined  area  of  well-strainer  sur- 
face in  all  of  the  wells  is  25  s(|uare  feet,  the  specific  capacity  per  stjuaro 
foot  of  strainer  is  0.792  gallons  per  minute. 

At  the  time  of  the  test,  on  August  16,  1904,  the  Hadlock  pmnping 
plant  had  been  in  continuous  operation  day  and  night  for  several 
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months.  The  quantity  of  gasoline  used  was  determined  from  the 
amount  required  to  fill  the  tank  to  standard  depth  after  one  hour's 
run.  As  2.1  quarts  of  gasoline  were  consumed  per  hour,  the  hourly 
cost  for  fuel,  with  gasoline  at  14  cents  per  gallon,  is  $0.0785.  The 
yield  of  water  in  one  hour  was  15,500  gallons,  so  that  the  fuel  cost 
was  $0.00475  per  1,000  gallons,  $1.58  per  acre-foot,  and  10.000171,  or 
one  fifty -eighth  of  a  cent  per  1,000  foot-gallons  (1,0(M)  gallons  raised 
one  foot). 

PLANT  OF   W.  N.  FRENril. 

At  the  pumping  plant  of  \V.  N.  French  (see  fig.  13)  water  is  obtained 
from  an  8-inch  well,  (>6  feet  deep,  which  hjis  a  7-inch  by  8-foot  per- 
forated galvanized  iron  strainer  at  the  })ottom.  The  water  is  raised 
by  a  No.  4  Byron  Jackson  horizontal -shaft  centrifugal  pump  driven 
by  a  10-horsepower  Charter  ga*<oline  engine.  The  engine  made  189 
revolutions  and  95  explosions  a  minute,  no  explosions  being  missed. 
The  diameter  of  the  driven  pulley  on  the  pump  was  6  inches;  that  of  the 
driving  pulley  on  the  engine  was  30  inches.  The  speed  of  the  pump 
was  938  revolutions  a  minute.  The  top  of  flange  on  the  well  casing  is 
12.65  feet  below  the  top  of  the  5-inch  discharge  pipe,  which  rises  from 
the  pump  at  an  angle  of  45^.  Before  pumping,  the  water  stood  4.7 
feet  below  top  of  flange  on  the  well  casing.  After  one-half  hour's 
pumping  it  was  18.05  feet  below  top  of  flange,  showing  that  it  was 
lowered  13.35  feet  by  pumping.  The  lift  of  the  pump  above  the  top 
flange  of  the  well  was  12.65  feet,  making  a  total  lift  of  30.70  feet.  The 
elevation  of  the  water  plane  in  the  French  well  on  August  29,  1904, 
was  3,642.969  feet;  on  September  8,  after  several  da^^s  of  rain,  it  was 
3,643.07  feet.  Between  August  29  and  September  8  it  mined  every 
day,  and  the  neighboring  pumping  plant  of  Mr.  Iladlock  had  not  been 
in  use.  The  elevation  of  the  top  of  the  delivery  pipe  at  the  French  well 
wa.s  3,658.884  feet. 

The  discharge  was  measured  both  by  integrating  with  a  Price 
acoustic  current  meter  in  a  rectangular  flume  and  by  means  of  a  fully 
contracted  weir  placed  in  the  main  ditch  not  far  from  the  pumping 
plant.  The  cross  section  selected  for  the  meter  measurement  had  an 
average  depth  of  0.857  foot,  an  average  width  of  0.885  foot,  and  an 
area  of  0.76  square  foot.  The  average  velocity  of  the  water  was  0.82 
foot  per  second,  giving  a  discharge  of  0.596  second-foot,  or  261^  gal 
Ions,  per  minute. 

The  same  discharge  was  also  measured  by  a  fully  contracted  weir. 
The  length  of  the  crest  was  1.01  feet  and  the  height  of  the  water  on 
the  crest  was  0.30  foot.  The  velocity  of  approach  was  about  one- 
half  foot  per  second.     Using  the  weir  formula, 
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and  substituting  the  coefficient  0.608  for  the  number  r  in  the  formula 
(Table  28,  Merriman's  Hydraulics,  1908)  we  obtain. 


s; 


7=0.6()8  X  i  X  8.025  X  1.01  (:i.06)   » 
=0.555  Hen>nd-foot 
=250  {sallonfl  per  minute. 


E lev.  3658.684' 
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Fhj.  13.— Diag^ram  of  pumping  plant  of  \V.  N^French.  near  Kl  Paao,  Tex. 


The  discharge  as  determined  by  the  current  meter  has  been  used  in 
the  following  estimates: 
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The  specific  capacity,  of  the  well  is  20.2  gallons  a  minute.  As  the 
strainer  has  an  area  of  14.7  square  feet,  the  specific  capacit}'  for  each 
square  foot  of  strainer  is  1.376  gallons  per  minute. 

In  the  French  test  8  gallons  of  gasoline  were  used  in  ten  hours. 
With  gasoline  at  14  cents  per  gallon  the  cost  of  fuel  is  11.2  cents  per 
hour.  As  16,150  gallons  of. water  were  obtained  in  one  hour  the  fuel 
<-ost  per  1,000  gallons  was  $0.00695,  or  $2.26  per  acre-foot.  The  total 
lift  t)eing  30.7  feet  the  cost  per  l,OfM)  foot-gallons  was  $0.(K)0226,  or 
one  forty -fourth  of  a  cent. 

PLANT  OF   FELIX   MARTINEZ. 

The  plant  of  Felix  Martinez  is  located  about  3  miles  east  of  the 
court-house  of  El  Paso,  Tex.,  near  the  main  country  road  (see  fig.  4). 
It  consists  of  a  No.  5  B3'ron  Jackson  horizontal-shaft  centrifugal 
pump  run  by  General  Electric  10-horsepower  direct-current  motor, 
type  C.  E.,  class  4.  The  pump  is  located  in  a  pit  and  is  connected  to  a 
6-inch  well.  The  well  is  68  feet  deep  and  has  10  feet  of  perforated  or 
slotted  galvanized  iron  strainer  at  the  bottom.  The  gravels,  which 
were  reached  at  a  depth  of  56  feet  are  fairly  large,  but  contain  a  great 
quantity  of  fine  sand.  The  pump  is  connected  with  the  well  b}'  a  5-inch 
suction  pipe  and  discharges  through  a  veitical  and  horizontal  5-inch 
pipe  into  a  rectangular  flume.  The  discharge  was  measured  by  inte- 
grating with  a  Price  acoustic  current  meter  in  the  rectangular  flume. 
The  cross  section  of  flume  where  measurements  were  taken  had  an  aver- 
age depth  of  0.475  foot,  an  average  width  of  0.992  foot,  and  an  area  of 
0.470  foot.  The  mean  velocity  was  1.78  feet  per  second,  giving  a  total 
discharge  of  0.838  cubic  foot  per  second,  or  378  gallons  per  minute. 

The  vacuum  gage  was  attached  to  the  goose  neck  of  the  centrifugal 
pump.  After  a  few  minutes  pumping  the  vacuum  was  18  inches,  but 
it  gradually  fell  to  24i  inches  at  the  close  of  the  first  half  hour,  where 
it  remained  constant  during. the  next  hour.  The  vacuum,  when  cor- 
rected for  altitude,  is  equivalent  to  22.5  inches  of  mercury,  or  25.5 
feet  of  water. 

On  August  29, 1904,  the  elevation  above  sea  level  of  the  water  plane 
was  3,643.13  feet;  that  of  the  vacuum-gage  tap  was  3,646.47  feet, 
and  that  of  the  top  of  discharge  pipe  was  3,659.90  feet.  As  the  water 
level  in  the  well  was  lowered  22.15  feet  by  pumping,  the  total  lift  was, 
therefore,  38.93  feet.  The  specific  capacity  of  the  well  is  17.5  gallons 
per  minute.  As  the  area  of  the  well  strainer  is  14.4  square  feet,  the 
specific  capacity  for  each  square  foot  of  well  screen  was  1.21  gallons 
per  minute. 

The  amount  of  electric  current  used  during  the  pumping  was 
detemiined  by  means  of  a  Westinghouse  watt  meter.  The  current 
used  in  one  hour's  test  (average  speed  of  motor  1,485  revolutions  a 
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minute)  was  4,950  watts.  Speed  of  the  pump  was  1,028  revolution^i 
a  minute.  The  diameters  of  the  pulle3^s  are  as  follows:  Pulley  on 
motor,  7i  inches;  driven  pulley  on  countei'shaft,  24  inches;  drivin*: 
DuUey  on  countershaft,  14  inches;  pulley  on  pump  shaft,  6  inches. 

/OMP  electric  motor 


£/ey. 


mt_er£/ane_ |_| \\       \ 


m||_ 


.  I 


Fhj.  14.— Diagram  of  pumping  plant  of  Felix  Martinez,  near  El  Paso,  Tex. 

The  power  actually  used  at  the  plant  is  the  equivalent  of  4,950  watt^, 
or  6.04  horsepower.  The  power  represented  by  the  discharge  of  0.83^ 
second-feet  of  water   lifted  38.93   feet  is   equivalent  to   2,030  foot- 


SLU  HTER.] 


TESTS    OF    PUMPING    PLANTS. 


45 


)K>unds  per  second,  which  is  equal  to  3.7  effective  horsepower.  If 
the  applied  horsepower,  ^.6'ij  is  compared  with  the  effective  horse- 
power, 3.7,  the  total  efficiency  of  the  plant  is  f6iind  to  })e  55.5  per  cent. 
The  duty  of  the  plant  can  be  found  b}'  comparing  4,950  watts,  the 
electrical  energy  consumed  in  one  hour,  with  055,200  foot-gallons, 
the  work  done  by  the  pump  in  one  hour.  The  resulting  duty  is 
182,400  foot-gallons  of  water  per  kilowatt  hour  of  electric  current. 

PLANTS  OF  J.  A.  SMITH. 

The  plants  of  J.  A.  Smith  are  located  8  miles  east  of  El  Paso, 
Tex.,  near  the  right  of  way  of  the  Southern  Pacific  Railroad.     There 
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Fig.  15.— Diagram  of  J.  A.  Smith's  pumping  plant  No.  1,  near  El  Pa.so,  Tex. 

are  two  pumping  plants  on  the  same  ranch.  At  the  first  or  older 
plant  there  are  three  wells,  40  feet  apaii;,  in  a  row.  The  pump  pit  is 
over  the  middle  well,  which  is  8  inches  in  diameter  and  02  feet  deep, 
measured  from  the  surface.  Fine  sand  and  quicksand  were  pa.ssed 
through  to  a  depth  of  50  feet,  then  12  feet  of  coarse  gravel  containing 
much  fine  material  was  encountered.  A  10-foot  slotted  galvanized- 
iron  strainer  of  the  Porcher  pattern  was  placed  at  the  bottom  of  this 
well.  The  east  well  is  6  inches  in  diameter  and  78  feet  deep.  The 
gi'avel  at  this  point  is  22  feet  deep.  A  l(>-foot  Porcher  strainer  was 
used.  The  west  well  is  6  inches  in  diameter  and  61  feet  deep.  The 
gravel  was  11  feet  deep,  and  a  10-foot  Porcher  strainer  was  used.     All 
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of  the  strainers  have  ^V  bj^  1^  inch  slots  or  perforations.  The  hori- 
zontal 8-1  nch  suction  pipe,  which  extends  from  the  central  well  to 
the  east  and  west  wells/is  14  feet  below  the  surface. 

The  water  is  pumped  by  a  No.  6  Fairbanks-Morse  horizontal-shaft 
centrifugal  pump,  connected  with  rope  drive  to  a  28-horsepower  gaso- 
line engine,  with  crude-oil  gas  generator  attached.  The  fact  that  the 
engine  is  supplied  with  gas  generated  from  Texas  crude  petroleum 
renders  this  plant  of  especial  interest.  For  the  amount  of  water 
obtained  the  fuel  cost  is  the  lowest  I  hav^e  seen  recorded  for  a  small 
plant.  The  attached  gas  generator  has  been  in  operation  several 
months,  running  continuously  day  and  night,  except  when  stopped  for 
cleaning  each  week  or  two.  When  the  generator  is  kept  clean  there 
is  little  trouble  from  carbon  passing  from  the  generator  into  the  cylin- 
der of  the  engine  and  cutting  out  the  cylinder  and  packing.  Thi.> 
plant  is  a  decided  success,  as  the  further  account  to  be  given  will  show. 
The  engine  made  159  and  the  pump  544  revolutions  per  minute. 

The  discharge  was  measured  by  integmting  with  a  Price  acousti<- 
current  meter  in  a  rectangular  flume.  The  selected  cross  section  bad 
an  average  depth  of  0.53  foot,  an  average  width  of  1.87  feet,  and  an 
eifective  area  of  0.992  square  foot.  The  average  velocity  was  2.MS.5 
feet  per  second,  giving  a  discharge  of  2.075  second-feet,  or  934  gal- 
lons per  minute.  This  measurement  of  discharge  was  made  after 
three  months  of  continuous  pumping  day  and  night.  The  elevation 
of  the  vacuum-gage  tap,  which  was  0.917  foot  above  the  top  of  hori- 
zontal suction  pipe,  was  3,631.06  feet;  that  of  the  water  plane  on  Sep- 
tember 8, 1904,  was  3,624.60  feet,  and  that  of  the  middle  of  the  8-inch 
opening  in  the  tee  in  the  side  of  vertical  discharge  pipe,  from  which 
the  water  enters  a  horizontal  wooden  flume,  was  3,645.06  feet.  The 
vacuum  read  22  inches,  which,  when  corrected  for  altitude,  is  equiva- 
lent to  20  inches  of  mercar}^  or  22.7  feet  of  water.  The  total  lift  is, 
therefore,  36.7  feet.  The  water  is  lowered  in  the  wells  16.24  feet  by 
pumping,  which  gives  a  specific  capacity  for  the  three  wells  of  57.4 
gallons  per  minute.  As  the  total  area  of  the  strainers  in  all  of  the 
wells  is  56.7  s(]uare  feet,  the  specific  capacity  for  each  square  foot  of 
strainer  is  1.01  gallons  per  minute. 

Several  accurate  tests  have  been  made  of  the  amount  of  fuel  con- 
sumed at  this  plant.  One  test  was  made  by  the  manufacturers  of  the 
gas  generator,  and  consequently  the  consumption  of  crude  oil  appears 
at  a  minimum.  This  test  lasted  sevent3"-four  hours  and  fifteen  minutes. 
The  amount  of  crude  oil  consumed  was  241  gallons,  or  3.24  gallons  per 
hour.  With  oil  at  3  cents  per  gallon,  the  cost  of  fuel  will  be  $2.34  per 
day  of  twenty-four  hours.  The  cost  of  water  was,  therefore,  If  mills, 
or  ten  fifty-scVenths  of  a  cent  per  1,000  giillons,  or  57  cents  per  acre- 
foot.  The  lift  being  36.7  feet,  the  cost  of  1,000  foot-gallons  was  one 
two  hundred  and  tenth  of  a  cent. 
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Another  experimental  test  of  the  plant  was  made  when  the  engine 
was  in  charge  of  the  regular  help  employed  on  the  ranch.  No  eflfort 
was  made  to  save  oil  or  make  a  record,  everything  being  managed 
exactly  as  it  was  during  several  months  of  pumping  for  irrigation. 
The  test  was  for  forty  and  one-half  hours,  extending  over  four  con- 
secutive days  of  about  ten  working  hours  each.  The  amount  of  crude 
oil  used  waj9  163.6  gallons,  or  97  gallons  per  twenty-four  hours,  or 
4.03  gallons  per  hour.  This  represents,  therefore,  the  actual  rate  at 
which  oil  was  consumed  during  the  irrigation  season.  The  cost  of 
fuel  is  $2.90  per  twenty-four  hours,  12  cents  per  hour,  ten  forty -sixths 
of  a  cent  per  1,000  gallons,  and  one  one  hundred  and  sevent}- -first  of 
a  cent  per  1,000  foot -gallons. 

The  cost  of  the  water  at  the  same  plant,  when  pumped  with  gaso- 
line, was  also  determined.  In  a  test  of  eleven  hours'  run  with  same 
engine,  using  gasoline  instead  of  crude  oil  gas,  40  gallons  of  gasoline 
were  consumed,  or  3.64  gallons  per  hour.  At  14  cents  per  gallon,  the 
hourly  cost  for  gasoline  was  $0.51.  This  makes  the  fuel  cost  of  water 
$0.0092  per  1,000  gallons  and  $0.000236,  or  one  forty-second  of  a  cent 
per  1,000  foot-gallons. 

The  above  estimates  do  not  represent,  of  course,  the  total  cost  of 
pumping,  as  no  items  have  been  included  to  cover  interest,  deprecia- 
tion, labor,  etc. 

The  934  gallons  per  minute  furnished  by  the  above  plant  amounts 
to  a  little  over  2  second-feet,  or  4  feet  per  twenty-four  hours.  The 
cost  of  fuel  per  acre-foot  of  water  was,  therefore,  70  cents  when  using 
crude  oil  and  $2.95  when  using  gasoline  costing  14  cents  a  gallon. 

J.  A.  Smith's  pumping  plant  No.  2  is  about  1,000  feet  north  of  plant 
No.  1,  which  is  on  the  same  ranch.  There  are  two  8-inch  wells,  40 
feet  apart,  in  an  east-west  line.  Each  one  is  60  feet  deep  and  is 
equipped  with  12  feet  of  Porcher  slotted  galvanized  iron  strainer. 
The  gravel  bed  is  12  feet  thick  and  is  overlain  by  a  thick  deposit  of 
clay  and  haixlpan.  A  No.  7  vertical  shaft  Byrgn  Jackson  centrifugal 
pump  is  connected  to  an  8-inch  horizontal  suction  pipe  that  is  12.25 
feet  below  surface.  The  pump  is  7  feet  from  the  east  well  and  33  feet 
from  the  west  well,  it  was  driven  at  a  speed  of  585  revolutions  per 
minute  by  a  22-horsepower  Fairbanks-Morse  gasoline  engine.  The 
engine  made  195  revolutions  per  minute,  the  engine  being  belted  to 
the  pump  shaft  from  36-inch  driving  pulley  to  12-inch  driven  pulley. 
The  vacuum  shown  at  center  of  the  suction  pipe  was  25  inches,  or  23 
inches  of  mercury  when  corrected  for  altitude,  corresponding  to  26.1 
feet  of  water.  The  vacuum-gage  tap  is  14.85  feet  below  the  top  of  the 
discharge  pipe,  above  which  the  discharge  jet  rises  0.6  foot,  so  that  the 
total  lift  is  41.45  feet.  A  vertical  10-inch  pipe  delivers  the  water  into 
a  nearly  horizontal  rectangular  flume  in  which  the  discharge  was  meas- 
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ured  by  integrating  with  a  Price  acoustic  current  meter.  The  dt*- 
charge  was  determined  to  be  2.94:5  second-feet,  or  1,325  gallons^  ptT 
minute.     As  the  water  in  the  wells  was  lowered  21  feet  below  the 
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Fig.  16.— Diagram  of  J.  A.  Smith's  pumping  plant  No.  2,  near  El  Phh),  Tex. 

normal  water  plane  by  the  pumps,  the  specific  capacity  of  the  two 
wells  was  63.2  gallons  per  minute,  or  since  the  total  strainer  surface 
is  46  square  feet,  1.37  gallons  per  minute  for  each  square  foot  of 
strainer. 
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The  expense  of  pumping  at  this  plant  can  readily  be  eHtinaated  as 
far  as  the  cost  of  fuel  is  concerned.  The  engine,  as  run  in  the  above 
test,  consumed  per  hour  2.5  gallons  of  gasoline  or  distillate,  costing  14 
cents  per  gallon.  The  fuel  cost  is,  therefore,  85  cents  per  hour,  0.44 
cent  per  1,000  gallons,  $0.000106,  or  one  ninet\^-fourth  of  a  cent,  per 
1,000  foot-gallons,  and  $1.43  per  acre-foot. 

PLANT  OF  J.  S.  PORCHER. 

This  pumping  plant  is  located  on  the  ranch  of  J.  S.  Porcher,  in  the 
Rio  Grande  Valley,  about  8  miles  east  of  El  Paso,  Tex.,  and  about 
l,Oi)0  feet  east  of  J.  A.  Smith's  first  wells.  Water  is  obtained  from 
a  well  8i  inches  in  diameter  and  60  feet  deep.  The  water-bearing 
gravel  has  a  thickness  of  12i  feet  and  lies  below  a  layer  of  quicksand. 
There  is  a  12-foot  slotted  galvanized  iron  strainer  at  the  bottom  of  the 
well.  Mr.  Porcher  first  used  this  type  of  strainer  in  the  Rio  Grande 
Valley.  At  the  present  time  this  form  of  strainer  is  universally  used, 
and  is  known  as  the  '* Porcher'"  strainer  (see  PI.  II,  B).  Water  is 
raised  by  a  No.  5  Byron  Jackson  horizontal-shaft  centrifugal  pump 
driven  by  a  15-horsepower  Columbus  gasoline  engine.  The  engine 
made  212  revolutions  and  75  explosions  per  minute.  The  diameter  of 
driving  pulley  was  30  inches  and  that  of  driven  pulley  8  inches.  The 
pump  made  712  revolutions  per  minute.  The  water  is  discharged 
through  an  8-inch  vertical  pipe  into  a  rectangular  wooden  flume.  The 
discharge  from  this  rectangular  flume  was  measured  by  integmting 
with  a  Price  acoustic  current  meter.  The  selected  cross  section  had 
an  average  depth  of  0.1792  foot,  a  width  of  1.92  feet,  and  an  area  of 
0.344  square  foot.  The  current  meter  showed  that  the  average  velocity 
was  4. 245  feet  per  second,  which  gives  a  discharge  of  1.46  second-feet, 
or  658  gallons  per  minute.  The  vacuum  gage  read  22.4  inches,  which, 
when  corrected  "for  altitude,  is  equivalent  to  20.4  inches  of  mercury, 
or  23.07  feet  of  water.  The  elevation  of  the  ground  water  at  the  well 
on  September  5,  1904,  was  3,627.59  feet  and  that  of  the  vacuum-gage 
tap  was  3,630.07  feet,  so  that  the  water  in  the  well  was  lowered  20.59 
feet  by  pumping.  As  the  vacuum-gage  tap  is  12.8  feet  below  the  top 
of  the  discharge  pipe  the  total  lift  is  35.87  feet. 

Since  the  water  level  in  the  well  was  lowered  20.59  feet,  the  specific 
capacit^^  of  the  well  is  estimated  to  be  32  gallons  per  minute,  or  1.28 
gallons  per  minute  for  each  square  foot  of  strainer. 

The  amount  of  gasoline  used  in  running  the  engine  was  deteraiined 
in  two  test  runs.  During  the  first  test  the  consumption  of  gasoline 
from  6  a.  m.  to  4  p.  m.  was  ascertained  by  measurements  in  the  gaso- 
line reservoir.  In  the  ten  hours'  test  there  was  used  14.3  gallons,  or 
1.43  gallons  per  hour.  In  the  second  test  Mr.  Porcher  determined  the 
time  necessary  to  consume  5  gallons  of  gtisoline  in  the  engine.  At  6.30 
a.  m.  on  the  day  of  the  test  5  gallons  of  gasoline  were  placed  in  the  empty 
iRR  141—05 i 
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gaHoline  reservoir.  All  the  ^tuoline  had  l>een  used  up  by  10.2<»  a.  ni.. 
so  that  the  consumption  was  5  gallons  in  3.B3  hours,  or  1.31  galloo- 
per  hour.     As  the  engine  was  run  with  considerable  care  during  the« 
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tests,  it  i.H  probable  that  the  consumption  of  gasoline  normally  runs  as 
high  aM  1 5  gallon!*  for  ten  houi-s.  The  hourly  cost  for  fuel,  with  gaso- 
line at  14  cents  per  gallon,  was  ai  cents.     As  39,500  gallons  of  wsUT 
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were  obtained  in  one  hour,  the  cost  was  5^0.00531  per  1,000  gallonn, 
$1.73  per  acre-foot,  and  $0.0001,  or  one  sixt}'- seventh  of  a  cent,  per 
1,000  foot-gallons. 

A  4i-acre  field  of  alfalfa  can  be  irrigated  with  the  pump  in  from 
fourteen  to  nineteen  hours.  After  a  rain  it  was  irrigated  in  fourteen 
hours,  but  sixteen  hours  usually  are  required.  A  number  of  irrigations 
of  the  same  field  have  varied  from  sixteen  to  eighteen  hours  each. 
This  field  was  irrigated  every  seven  days,  and  the  crop  taken  oflf  at  the 
end  of  the  fourth  week,  so  there  were  three  irrigations  to  a  crop. 

With  gasoline,  or  distillate,  at  14  cents  per  gallon,  or  $2.36  per  acre, 
per  crop  of  alfalfa  (three  irrigations),  the  crop  cut  from  the  field 
averaged  fully  a  ton  to  an  acre,  and  at  the  selling  price  of  $12  to 
$14  per  ton,  the  irrigation  with  the  pump  could  be  carried  on  at  a  good 
profit.  If  the  selling  price  had  been  as  low  as  $7  per  ton  there  would 
be  no  profit  in  the  irrigation  of  alfalfa  by  pumping. 

TESTS  OF  PUMPING  PLANTS  IN  MBSILLA  VALLEY,  NEW  MEXICO. 

PLANT  OF  F.  C.  BARKER. 

This  plant  is  located  on  the  ranch  of  Mr.  F.  C.  Barker,  about  1  mile 
Houth  of  Las  Cruces,  N.  Mex.  The  pumping  plant  is  used  to  irrigate 
about  20  acres  of  garden  truck.  Water  is  obtained  from  a  6-inch 
well,  48  feet  deep,  containing  12  feet  of  slotted  galvanized-iron 
strainer  at  the  bottom.  The  water  is  raised  by  a  No.  3  Byron  Jackson 
horizontal-shaft  centrifugal  pump,  driven  by  a  5-horsepower  Otto 
gasoline  engine.  The  engine  is  belted  directly  to  the  pump  from  a  20- 
inch  driving  pulley  to  a  6-inch  driven  pulle3^  The  engine  made  334 
revolutions  and  from  92  to  97  explosions  per  minute.  The  speed  of 
the  pump  was  1,110  revolutions  per  minute. 

The  vacuum-gage  tap  was  2.92  feet  above  the  water  plane  in  Sep- 
tember, 1904,  and  17.73  feet  below  the  center  of  3-inch  horizontal  dis- 
charge pipe.  The  lift  of  the  pump  above  the  vacuum-gage  tap  when 
discharging  into  the  first  of  two  irrigation  reservoirs  is  17.73  feet. 

The  lift  above  the  vacuum-gage  tap  when  discharging  into  the  sec- 
ond irrigation  reservoir  was  20.18  feet.  The  vacuum  gage  read  24.50, 
which,  when  corrected  for  altitude,  is  equivalent  to  22.50  inches  of 
mercury,  or  25.4  feet  of  water.  This  makes  the  total  lift  when  fiilling 
the  second  reservoir  45.58  feet. 

The  discharge  of  the  pump  was  ascertained  by  determining,  by  means 
of  a  stop  watch,  the  time  required  to  fill  a  tank  holding  47.6  gallons. 
As  the  tank  was  filled  in  21.8  seconds,  the  discharge  of  the  pump  is 
0.291  second-foot,  or  131  gallons  per  minute.  As  the  water  level  in 
the  well  is  lowered  22.48  feet  during  pumping,  the  specific  capacity 
of  the  well  must  l>e  5.83  gallon  per  minute,  or  0.337  gallons  per  minute 
for  each  square  foot  of  strainer. 
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Thus  pumping  plant  is  unusually  well  constructed.     The  machinery 
is  well  housed,  and  there  are  two  concrete-lined  reservoi  rs  for  storing 
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Y\{^.  18.— Ditigmm  of  pumpini?  plant  of  F.  C.  Barker,  near  Las  Cnioes,  N.  Mex. 

water  for  irrigation.  It  takes  the  pump  eight  hours  to  fill  a  reservoir, 
which  is  emptied  in  about  an  hour's  irrigation.  The  cost  of  the  plant 
complete  was  $1,200. 
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The  amount  of  gasoline  used  was  not  accurately  determined,  hut  it 
hardly  exceeded  one-half  gallon  per  hour  when  the  engine  was  develop- 
ing about  its  full  horsejwwer.  With  giusoline  at  11  cents  a  gallon,  the 
fuel  cost  may  safely  ))e  put  at  9  cents  an  hour.  On  this  basis  the  fuel 
cost  of  water  was  $0.0115  per  1,000  gallons,  $3.73  per  acre-foot,  and 
$0.000252,  or  one- fortieth  of  a  cent  per  1,0(X)  foot-gallons. 

PLANT  OF  J.  C.  CARBERA. 

This  plant  is  located  on  the  ranch  of  J.  C.  Carrera,  about  half  way 
between  Las  Cruces  and  Mesilla  Park,  N.  Mex.,  near  the  east  or  upper 
highway  between  the  Agricultural  College  and  I^as  Cruces.  The  well 
is  6  inches  in  diameter  and  58  feet  deep,  and  is  equipped  with  a  slotted 
galvanized-iron  strainer  5^  inches  in  diameter  by  15  feet  long.  The 
water  is  recovered  by  a  No.  5  B^^ron  Jackson  horizontal -shaft  centrif- 
ugal pump,  driven  by  an  8-horsepower  Fairbanks-Morse  gasoline 
engine.  The  engine  ran  at  a  speed  of  234  revolutions  a  minute,  miss- 
ing no  explosions.  The  pump  was  driven  at  a  speed  of  560  revolutions 
a  minute  by  direct  belting  to  engine  from  20-inch  driving  puUe}'  to 
8-inch  driven  pulley. 

The  vacuum-gage  tap  was  12.65  feet  below  the  center  of  the  5|-inch 
horizontal  discharge  pipe  and  5.72  feet  above  the  water,  which,  when 
the  well  was  first  dug,  three  3'ears  before  the  test,  was  2.7  feet  higher 
than  at  present.  The  vacuum  gage  read  14.5  inches,  which  gives,  after 
correction  for  altitude,  12.5  inches  of  mercury  or  14.2  feet  of  water. 
The  total  lift  was  therefore  26.85  feet.  The  discharge  of  the  pump 
was  1.44  second-feet  or  648  gallons  a  minute.  The  water  in  the  well 
was  lowered  only  8.48  feet,  so  that  the  specific  capacity  of  the  well  is 
76.4  gallons  per  minute,  or  3.53  gallons  per  minute  for  each  square 
foot  of  well  strainer. 

Twelve  gallons  of  gasoline  were  used  for  eleven  hours'  rim,  including 
the  amount  consumed  by  igniting  torch.  With  gasoline  at  17  cents 
per  gallon,  the  fuel  cost  of  water  is  I7f  cents  an  hour,  0.456  cents  per 
1,000  gallons,  $1.48  per  acre-foot,  and  $0,017  or  one  fifty -ninth  of  a 
cent  per  1,000  foot-gallons. 

PLANT   OF   FRANK   BURKE   NEAR   MESILLA,  N.  MEX. 

This  plant  is  located  on  the  ranch  of  Frank  Burke,  about  one-half  of 
a  mile  south  of  Mesilla  Park,  N.  Mex.  Water  is  obtained  from  a  12- 
inch  well,  52  feet  deep,  containing  Hi  feet  of  slotted  galvanized-iron 
strainer  at  the  bottom.  The  well  passes  through  8  feet  of  soil  and 
sand,  14  feet  of  quicksand  with  small  pebbles,  and  38  feet  of  sand  and 
gravel  of  maximum  size  3  inches.  The  water  is  recovered  by  a  No.  6 
Byron  Jackson  horizontal-shaft  centrifugal  pump,  driven  by  a  21- 
horsepower  Otto  gasoline  engine.     The  engine  is  belted  to  a  pump 
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shaft  from  4:0-inch  driving  pulley  on  engine,  thence  to  a  20-inch  driven 
pulley  on  countershaft,  thence  from  16-inch  driving  pulley  on  counter- 
Hhaf t  to  10-inch  driven  pulley  on  pump  shaft.     The  Hpeed  of  pump 
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Fig.  19.— Diagram  of  pumping  plant  of  J.  C.  Carrera,  near  Las  Graces,  N.  Mex. 

during  the  test  was  733  revolutions  per  minute,  and  of  the  engine 
240  revolutions  per  minute. 

The  vacuum  gage  was  placed  in  the  goose  neck  of  the  pump,  and 
the  tap  was  14.85  feet  below  the  center  of  the  horizontal  discharge 
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pipe.  The  vacuum  gage  read  26.25  inches,  which,  when  corrected  for 
altitude,  is  equivalent  to  23.25  inches  of  niercur}^  or  25. (>  feet  of 
water.     The  total  lift  of  the  pump  was,  therefore,  40.45  feet. 
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Fig.  20.— DUgram  of  pumping  plant  of  Frank  Burke,  near  McHllla  Park,  N.  Mex. 

The  discharge  of  the  pump  was  determined  by  integrating  with  a 
Price  acoustic-current  meter  in  a  rectangular  flume  through  which  the 
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water  was  led  after  it  had  passed  into  the  main  ditch.  The  area  of  the 
water  at  the  selected  crosH  section  was  0.383  square  foot,  and  the  nit^an 
velocity  was  4.  til  feet  per  second,  making  the  discharge  1.61  second 
feet,  or  725  gallons  per  minute.  The  level  of  the  water  in  the  well 
was  lowered  22.85  feet  by  pumping,  whence  it  is  concluded  that  the 
specific  capacity  of  the  well  is  25.4  gallons  per  minute,  or  0.934  gal- 
lon per  minute  for  each  square  foot  of  strainer. 

This  plant  had  been  run  for  verj"  short  periods  and  no  conclusive  esti- 
mate of  the  amount  of  gasoline  consumed  can  be  made.  During  the  test 
the  engine  was  not  run  at  its  full  capacity.  The  gasoline  tank  was  s<> 
constructed  that  an  accurate  measurement  could  not  be  made.  The 
amount  of  gasoline  consumed,  however,  did  not  vary  greatly  from  '2 
gallons  an  hour.  With  gasoline  at  17  cents  per  gallon,  the  fuel  co>t 
of  water  was  34  cents  per  hour,  $0.0078  per  1,000  gallons,  $2.52  per 
acre-foot,  and  $0.00i>193,  or  one  fifty-second  of  a  cent  per  1,000  foot- 
gallons. 

PIJ^NT  OF  MRS.  E.  M.  BOYER. 

The  plant  of  Mrs.  E.  M.  Boyer  is  located  about  one-fourth  of  a  mile 
north  of  the  railroad  station  at  Las  Cruces,  N.  Mex.  Waler  is  obtained 
from  a  well  52  feet  deep  cased  with  6-inch  standard  pipe.  The  well 
is  equipped  with  a  slotted  galvanized  iron  Porcher  strainer  5i  incht^s 
diameter  and  12  feet  in  length.  The  slots  4re  three-sixteenths  by  U 
inches.  The  well  driller  reports  t\\^  following  log  of  the  well:  is 
inches  of  soil;  dry  sand  to  20  feet;  quicksand  below  this,  changing  to 
coarse  gi'avel  and  bowlders  containing  sand,  in  which  the  strainer  was 
left.  The  pumps  threw  a  good  heavy  stream  of  water  as  soon  as 
started,  only  a  few  bushels  of  sand  being  drawn  through  the  strainer. 

Water  is  recovered  l)y  means  of  a  No.  5  Byron  Jackson  horizontal- 
shaft  centrifugal  pump,  driven  })y  a  12-horsepower  Olds  gasoline 
engine.  The  engine  is  directly  belted  to  a  pmnp  from  30-inch  driving 
pulley  to  8-inch  driven  pulley.  The  engine  made  208  revolutions  and 
93  explosions  per  minute.  The  speed  of  the  pump  was  728  revolu- 
tions per  miiuite.  The  vacuum  gage  during  pumping  stood  at  22 
inches,  which,  corrected  for  altitude,  is  equivalent  to  20  inches  of 
mercury,  or  22.7  feet  of  w^ater.  On  September  19,  1904,  the  water 
plane  stood  2.94  feet  below  the  vacuum-gage  tap,  or  3,836.867  feet 
al)ove  mean  sea  level.  The  vacuum-gage  tap  was  14.3  feet  below  the 
surface  and  17.6  feet  lielow  the  center  of  the  6-inch  horizontal  dis- 
charge pipe.  The  discharge  of  the  pump  was  1.46  second-feet,  or  658 
gallons  per  minute.  The  totjil  lift  of  the  pump  was  40.3  feet,  and 
the  water  level  in  the  well  was  lowered  19.76  feet  during  pumping. 
The  specific  capacity  of  the  well  is  thus  33.3  gallons  per  minute,  or 
1.969  gallons  per  minute  for  each  square  foot  of  strainer. 

A  fifty -hour  test  of  this  pumping  plant  was  mm  by  F.  H.  Bascom,  of 
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Laa  Cruees,  who  reports  that  4S  gallons  of  .gasoline  were  oonauBied 
during  that  time.     With  gasuline  at  17  cents  a  gallon  the  fuel  coat  of 


a.  31.— Diagram  of  pomping  plant  of  Mi 


Lax  CruPBi,  N.  Mei 


water  would  )>e  16.3  cents  an  hour,  0.112  cents  per  1,000  gallons,  $1.S4 
per  acre-foot,  and  $0.000102,  or  one  ninety-eighth  of  a  cent  per  1,000 
foot-gallons. 
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PLANT  OF  W.  N.  HAGER. 


This  pumping  plant  is  located  on  the  ranch  of  W.  N.  Ha^er,  about 
one-half  mile  west  of  the  railroad  station  at  Mesilla  Park,  N.  Mex. 


A?  fi.  ^  gasofihe  engine 


i^ooden  f/ume 


Fio.  22.-  Diagram  of  pumping  plant  of  W.  N.  Hager,  near  Mesilla  Park,  N.  Mex. 

Water  is  obtained  from  a  10-inch  well,  63  feet  deep,  containing  a 
12-foot,  slotteo.  galvanized-iron  Porcher  strainer,  9f  inches  in  diain- 
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oter.  The  pumping  is  done  by  a  No.  5  Byron  Jackson  horizontal- 
shaft,  centrifugal  pump,  directly  connected  to  the  10-inch  well  casing. 
The  pump  is  driven  by  a  l^-horsepower  Weber  gasoline  engine,  power 
being  transmitted  by  a  belt  from  24:-inch  driving  pulley  to  18-inch 
pulleys  on  countershaft,  thence  to  8-inch  driven  pulley  on  pump  shaft. 

At  the  time  of  the  test  the  engine  made  243  revolutions  and  76 
explosions  per  minute.  The  speed  of  the  pump  was  668  revolutions  a 
ininut>e.  The  pump  discharges  through  a  7t-inch  vertical  discharge 
pipe  into  a  rectangular  wooden  flume.  The  discharge  was  measured 
by  integrating  in  this  flume  with  a  Price  acoustic  current  meter.  The 
width  of  flume  was  1.63  feet.  At  the  selected  cross  section  the  water 
had  an  average  depth  of  0.308  feet  and  an  average  velocity  of  1.171 
feet  per  second.  The  total  discharge  was  therefore  0.590  second-feet, 
or  325  gallons  a  minute.  An  attempt  was  made  to  catch  the  water  in 
a  tub  holding  15.9  gallons.  The  time  required  to  fill  the  tub  was 
determined  by  a  stop  watch,  but  as  the  water  had  to  be  diverted  into 
the  tub  by  closing  a  gate  at  the  end  of  the  rectangular  flume,  the 
results  are  not  satisfactory.  The  average  time  required  to  fill  the  tub 
in  seven  trials  was  4.3  seconds,  indicating  a  discharge  of  only  209  gal- 
lons a  minute.  This  result  is  known  to  be  valueless,  but  it  illustrates 
the  impracticability  of  measuring  such  a  discharge  by  means  of  a  small 
tub,  unless  the  tub  can  be  placed  directly  under  the  discharging  stream 
of  water  without  the  necessity  of  diverting  the  water  to  one  side. 

The  vacuum-gage  tap  was  16.27  feet  below  the  surface,  and  16.84 
feet  below  the  top  of  the  7|^-inch  discharge  pipe.  The  water  jet  is 
0.33  feet  above  the  mouth  of  the  discharge  pipe.  The  vacuum  gage 
read  17.5  inches,  or  15.5  inches  of  mercury,  when  corrected  for  altitude. 
This  is  equivalent  to  17.6  feet  of  water,  making  total  lift  of  pump 
34.77  feet.  The  vacuum-gage  tap  was  2.405  feet  above  the  water 
plane,  so  that  the  water  in  well  was  lowered  15.2  feet  during  pumping. 
The  specific  capacity  of  the  well  is  therefore  22.5  gallons  per  minute, 
or  0.76  gallons  per  minute  for  each  square  foot  of  well  strainer. 

The  amount  of  gasoline  used  was  determined  by  measurement  in  a 
round  tank  1.87  feet  in  diameter.  In  one  hour  a  depth  of  0.09  feet 
of  gasoline  was  consumed,  or  1.84  gallons.  With  gasoline  at  17  cents 
per  gallon,  the  fuel  cost  of  water  was  31  cents  per  hour,  1.6  cents  per 
1,000  gallons,  and  $5.14  per  acre- foot.  The  lift  being  34.77  feet,  the 
cost  of  fuel  for  1,000  foot-gallons  was  $0.00046,  or  one  twenty -second 
of  a  cent. 

PLANT  OF  A.  L.  HINES. 

This  plant  is  located  on  the  ranch  of  Dr.  A.  L.  Hines,  about  1  mile 
north  of  east  from  the  old  village  of  Mesilla.  Water  is  obtained  from 
a  well  5f  inches  in  diameter  and  59  feet  deep.  The  log  of  this  well 
showed  8  feet  of  soil,  11  feet  of  dry  sand,  28  feet  of  quicksand,  and  12 
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feet  of  gravel  on  top  of  quicksand  of  unknown  thk'kne8R.  The  water 
in  recovered  hy  »  No.  4  Ruinsej'  horizontal-i^haft  centrifugal  pump, 
wliicb  is  driven  l>y  an  ^-honjcpower  vertical  gasoline  engine  placed  on 


liigmin  C.I  pumping  plani 


Willi*  extending  acrons  the  top  of  the  well  pit.  The  engine  was  nianu- 
fuctured  by  the.  Chiaigo  (Jas  Engine  Company.  It  is  directly  belt^'d 
to  pump  nlmft  from  u  :i4-inch  driving  pulley  and  ti-incb  driven  pulley. 
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The  engine  made  238  revolutions  and  119  explosions  per  minute. 
The  speed  of  the  purap  was  694  revolutions  per  minute. 

The  water  plane  was  2.92  feet  below  the  vacuum -gage  tap  in  goose- 
neck of  punip  on  September  15,  1904,  and  2.23  feet  below  on  June  1, 
10O4;  the  water  plane  had  fallen,  therefore,  in  this  interval  about  8^ 
inches.  The  pumping  plant  had  been  in  use  only  twenty  days  during 
the  summer.  The  vacuum-gage  tap  was  19.05  feet  below  the  center 
of  the  horizontal  5f-inch  discharge  pipe.  The  vacuum  gage  read  17 
inches,  which,  corrected  for  altitude,  is  equivalent  to  15  inches  of  mer- 
cury, or  17  feet  of  water.  The  total  lift  of  the  pump  was,  therefore, 
30.05  feet. 

The  discharge  was  measured  with  great  precision  by  determining 
with  a  stop  watch  the  time  required  to  fill  a  wrought-iron  rectangular 
tank.  The  water  was  conducted  across  the  tank  by  means  of  an  extra 
piece  of  iron  pipe  until  the  pumping  plant  had  been  in  operation  for 
some  time,  when  the  extra  pipe  was  suddenly  pulled  oflp.  The  tank 
held  15.08  cubic  feet  and  was  filled  in  30.6  seconds.  The  discharge 
was,  therefore,  0.492  second-foot,  or  271  gallons  per  minute. 

An  excellent  opportunity  was  oflfered  for  testing  the  accuracy  of 
estimating  the  discharge  from  partly  filled  pipes  by  determining  the 
mean  velocit}''  of  the  stream  by  a  small  current  meter.  Only  44.3  per 
cent  of  the  cross  section  of  the  5#-inch  discharge  pipe  was  filled  by  the 
water  raised  by  the  pump.  The  area  of  the  cross  section  was  0.076 
square  foot,  and  the  velocity  of  the  water,  as  given  by  the  current 
meter,  was  8.47  feet  per  second.  The  discharge  was,  therefore,  0.642 
*econd-foot,  or  290  gallons  per  minute.  The  true  discharge  was  271 
gallons  per  minute,  showing  an  error  of  5.3  per  cent  in  the  meter 
detemiination. 

The  water  in  the  well  was  lowered  14.08  feet  during^  pumping;  there- 
fore, the  specific  capacity  of  the  well  was  19.2  gallons  per  minute.  As 
the  area  of  the  well  strainer  was  11.3  square  feet,  the  specific  capacity 
per  square  foot  of  well  strainer  was  1.79  gallons  per  minute. 

At  this  plant  1.5  gallons  of  gasoline  were  used  i>er  hour.  This  is 
at  least  50  per  cent  more  than  should  have  been  used.  With  gasoline 
at  17  cents  a  gallon,  the  hourly  cost  of  fuel  was  25i  cents.  As  the 
yield  was  16,250  gallons  of  water  an  hour,  the  fuel  cost  was  $0.0157 
per  1,000  gallons,  $5.10  per  acre-foot,  and  $0.000435,  or  one  twenty- 
third  of  a  cent  per  1,(X)0  foot-gallons. 

PLANT  OF  THEODORE  KOUALT. 

This  plant  is  on  the  ranch  of  Theodore  Roualt,  about  3  miles  north- 
west of  Las  Cruces,  N.  Mex.  Water  is  obtained  from  a  10-inch  well 
4S  feet  deep  that  contains  10  feet  of  9f -inch  slotted  galvanized-iron 
strainer.  It  is  raised  by  a  No.  3  Van  Wie  vertical-shaft  centrifugal 
pump,  driven  by  a  10  horsei)ower  Nagle  steam  engine,  on  18-horsepovver 
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horizontal  wood-burning  boiler.     The  engine  is  directly  belted  to  the 
pump  shaft  from  a  30-inch  driving  puUe}''  to  a  12-inch  driven  pullev. 


'xtOH.R  steam  ermine 


Fig.  24.— Diagram  of  pumping  plant  of  Theodore  Roualt,  near  Las  Cnices,  N.  Mex. 

The  water  is  discharged    through  an   8-inch   vertical    pipe  into  a 
rectangular  flume. 
The  engine  made  205  and  the  pump  526  revolutions  per  minute. 
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The  steam  preasure  varied  between  81  and  83  pounds.  The  vacuum- 
gage  tap  was  3.64  feet  above  the  water  plane,  7.96  feet  below  the  top 
of  bottom  plank  of  flume,  and  8.66  feet  below  the  top  of  water  jet. 

The  vacuum  gage  read  24.25  inches,  which  is  equivalent,  when  cor- 
rected for  altitude,  to  22.25  inches  of  mercury,  or  25.5  feet  of  water, 
making  the  total  lift  34.16  feet.  The  discharge  was  measured  by  inte- 
grating with  a  Price  acoustic  current  meter  in  the  rectangular  flume. 
The  selected  cross  section  had  a  width  of  1.19  feet,  an  average  depth 
of  0.35  foot,  and  an  area  of  0.417  square  foot.  As  the  average  velocity 
was  1.867  feet  per  second,  the  divscharge  was  0.78  second-foot  or  351 
gallons  per  minute.  From  this  it  is  estimated  that  the  specific  capacity 
of  the  well  is  16  gallons  per  minute,  or  0.627  gallon  per  minute  for 
each  square  foot  of  strainer. 

The  cost  of  fuel  used  for  pumping  can  be  readily  estimated  from  care- 
ful tests  by  Mr.  Roualt.  For  one  irrigation  of  a  70-acre  field  of  toma- 
toes the  pump  was  run  twenty-eight  days  of  twenty-four  hours,  and 
75  cords  of  cottonwood,  costing  IP2  per  cord,  were  consumed.  During 
the  twenty-eight  days  of  twenty-four  working  hours  each  14,150,000 
gallons,  or  43.5  acre-feet,  of  water  were  pumped.  The  total  cost  of 
wood  being  $120,  the  fuel  cost  of  water  was  1.06  cents  per  1,000  gal- 
lons, $3.46  per  acre-foot,  and  $0.00031,  or  about  one  thirty-second  of 
a  cent,  per  1,000  foot-gallons. 

PLANT  OF  G.    H.    TOTTEN. 

This  plant  is  located  on  the  ranch  of  G.  H.  Totten,  about  one-half  of 
a  mile  west  of  the  old  village  of  Mesilla,  N.  Mex.  Water  is  obtained 
from  a  10-inch  well,  62  feet  deep,  that  contains  Hi  feet  of  9-inch  slot- 
ted galvanized-iron  strainer.  It  is  raised  by  a  No.  6  Byron  Jackson 
horizontal-shaft  centrifugal  pump,  driven  by  a  28-horsepower  Ohio 
gasoline  engine.  The  engine  is  belted  from  a  36-inch  driving  pulley 
to  a  16-inch  pulley  on  countershaft;  thence  from  a  15-inch  pulley  on 
countershaft  to  a  10-inch  pulley  on  pump.  The  engine  made  205  rev- 
olutions and  an  average  of  78  explosions  per  minute.  The  speed  of 
the  pump  was  692  revolutions  a  minute. 

The  water  is  delivered  through  an  8-inch  vertical  discharge  pipe  into 
a  horizontal  rectangular  wooden  flume.  The  vacuum-gage  tap  on 
pump  was  3.9  feet  above  the  water  plane,  16.83  feet  below  top  of  dis- 
charge pipe,  and  16.95  feet  below  top  of  water  jet.  The  vacuum  gage 
read  25.25  inches,  which  is  equivalent,  after  correction  for  altitude, 
to  23.25  inches  of  murcury,  or  26.4  feet  of  water.  The  total  lift  is, 
therefore,  43.35  feet. 

The  discharge  was  measured  by  integrating  with  a  Price  acoustic 
current  meter  in  rectangular  flume.  The  selected  cross  section  had  a 
width  of  1.83  feet,  an  average  depth  of  0.38  foot,  and  an  effective  area 
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of  0.696  .square  foot.  The  mean  velocity  of  the  water  was  1.482  feet 
per  second,  giving  a  total  dii^charge  of  1.03  second-feet,  or  464  galioikt 
per  minute. 
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The  wat<;r  in  the  wpU  whs  lowerod  a2.r>  feet  during  pumping,  from 
which  the  Njjecitic  cajxicitv  of  thi'  well  is  estimated  to  be  20.C  galloius 
u  minute,  or  0.7ti  gallon  per  niiiiutc  for  each  square  foot  of  strainer. 
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The  discharge  was  aI«o  determined  from  the  dimensions  of  the  para- 
bola of  flow  as  the  water  left  the  Hume.  The  end  of  the  flume  was 
almost  exactly  level  and  the  water  fell  freely  for  a  sufficient  distance 
to  permit  the  determination  of  the  dimensions  of  the  parabola  of  the 
fall.  This  is  shown  in  fig.  26.  The  water  had  an  average  depth  of 
0.171  foot  at  the  end  of  flume,  and  in  a  total  fall  of  2.05  feet  moved 
forward  1.285  feet.  According  to  the  laws  of  falling  bodies,  a  body 
falls  2.05  feet  in  0.356  second.  If  the  water  advances  1.285  feet  in 
0.356"second,  its  mean  velocit}-  per  second  would  he  1.285  divided  by 
0.356,  or  3.6  feet.  The  area  of  the  stream  is  0.171  by  1.83,  or  0.313 
square  foot.  This  give^  a  total  discharge  of  1.13  second-feet,  or  507 
gallons  per  minute.     These  results  are  undoubtedly  slightly  too  large. 

The  pumping  plant  had  been  used  but  a  short  time,  and  no  experi- 
mental run  had  been  made  to  determine  the  quantity  of  gasoline 
required.     As  the  gasoline  tank  was  situated  so  that  without  a  consid- 
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Fio.  26.— Parabola  of  discharge  from  flume  at  Totten's  well. 

erable  expenditure  of  time  it  was  impracticable  to  ascertain  the  amount 
of  gasoline  used,  no  determination  was  made  during  the  test.  How- 
ever, it  was  estimated  that  the  28-horsepower  engine  gave  22  eflPective 
horsepower.  It  may  therefore  be  safely  assumed  that  about  2.2  gal- 
lons of  gasoline  were  used  per  hour.  If  this  amount  were  used,  and 
gasoline  costs  17  cents  per  gallon,  the  fuel  cost  of  water  would  be  37 
cents  an  hour,  $0.0133  per  1,000  gallons,  $4.34  per  acre-foot,  and 
$0.000307,  or  about  one  thirty -third  of  a  cent  per  1,000  foot-gallons. 

PLANT  AT  AGRICULTURAL  COLLEGE. 

This  plant  consists  of  a  12-inch  and  a  6-inch  well  located  on  the 
experimental  farm  of  the  New  Mexico  Agricultural  College.     A  com- 
plete test  of  this  plant  was  not  made,  as  the  work  with  these  wells  is 
frequently  reported  upon  by  members  of  the  faculty  of  the  Agricul- 
iBR  141—05 5 
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tural  College.  Only  sufficient  tests  were  made  to  determine  the  specific 
capacity  of  the  large  well  in  order  to  make  comparisons  possible  with 
the  other  pumping  plants  in  the  valley.     At  the  time  of  the  test  a 
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Fig.  27.— Diapram  of  Acrrlfnltunvl  College  1'2-ineh  well.  Mesilla  Park.  N.  Mex. 

No.  k\  Fairbanks-Morse  centrifugal  pump  was  in  use,  but  the  pumps 
are  frequently  changed  for  experimental  purposes.  The  pump  is 
speeded  so  as  to  discharge  1,000  gallons  a  minute  at  the  measuring 
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weir,  in  order  that  a  known  amount  of  water  may  be  provided  for  the 
experimental  plats  of  ground. 

At  the  time  of  the  test  there  was  in  use  a  SO-horsepower  steam 
engine,  which  has  ample  power  to  drive  pumps  placed  on  both  wells. 
When  both  wells  are  used,  about  1,800  gallons  per  minute  can  be 
obtained. 

On  August  25,  1904,  the  vacuum  gage  read  13  inches,  which,  cor- 
rected for  altitude,  is  equivalent  to  11  inches  of  mercury,  or  12.45 
feet  of  water.  The  lift  above  the  vacuum-gage  tap  was  17.10  feet, 
making  the  total  lift  29.55  feet.  The  water  level  in  the  well  was 
lowered  11.37  feet  by  pumping,  from  which  the  specific  capacity  of 
the  well  is  computed  to  be  88  gallons  per  minute.  As  the  well  strainer 
is  12  inches  in  diameter,  12  feet  long,  and  27.6  square  feet  in  area,  the 
specific  capacity  per  square  foot  of  strainer  is  2.32  gallons  per  minute. 

The  cost  of  fuel  per  acre-foot,  as  given  in  the  table  on  p.  35,  is 
taken  from  the  bulletin  issued  by  Professors  Vernon  and  Lester  in 
1903.  These  results  were  obtained  with  a  20-horsepower  steam  engine 
formerly  used.  These  results  are  included  in  the  table  for  the  pur- 
pose of  comparison  with  the  results  at  other  plants. 

TESTS  OF  PUMPING  PLANTS  NEAR  BERING,  N.  MEX. 
PLANTS  OF   HORACO   RANCH   COMPANY. 

The  Hoi-aco  Ranch  Company  has  three  plants  in  an  east-west  line  on 
a  ranch  just  west  of  Berino,  N.  Mex.  The  east  well  is  No.  3,  the 
middle  well  is  No.  1,  and  the  west  well  is  No.  2. 

Well  No.  3  is  ()2  feet  deep.  It  is  cAsed  with  9S^-inch  pipe  and  con- 
tains 18  feet  of  strainer  made  of  9,^-inch  casing  drilled  with  forty  li- 
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Fig.  28. — Plan  of  pumping  planta  of  the  Horaco  Ranch  Company,  Berino,  N.  Mex. 

inch  holes  to  every  linear  foot  of  strainer  and  wound  with  No.  9  gal- 
vanized-iron  wire  wrapped  so  as  to  leave  horizontal  slots  one-eighth 
of  an  inch  in  width.  This  strainer  is  locally  known  as  the  "Mott" 
strainer. 

Water  is  obtained  by  means  of  a  No.  5  Byron  Jackson  horizontal- 
shaft  centrifugal  pump,  driven  by  a  12-horsepower  Weber  gasoline 
engine.     The  water  is  discharged  through  a  7-inch  pipe,  which  rises 


68 


GROUND    WATERS    OF    RIO   GRANDE   VALLEY. 


[.JO.  HL 


at  an  angle  of  45^  from  the  pump  in  the  well  pit.  The  engine  made 
244  revolutions  and  97  explosions  per  minute.  The  pump  made  6J*2 
revolutions  a  minute,  and  was  belted  directly  to  the  engine  from  a 
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Fig.  29.— Diagrram  of  pumping  plant  No.  3,  Uoraco  Kaiicli  CouiiMiuy. 

24-inch  driving  pulley  to  a  7-inch  driven  pulley.  On  September  11, 
1904,  the  water  plane  was  2.25  feet  below  the  vacuum-gage  tap, 
which  was  11.66  feet  below  the  end  of  the  discharge  pipe.     The 
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vacuum  gAgQ  read,  after  one  hour's  pumping,  19.8,  which,  when  cor- 
rected for  altitude,  is  equivalent  to  17.8  inches  of  mercury,  or  20.8 
feet  of  water.     The  total  lift  of  the  pump  was,  therefore,  32.36  feet. 

The  discharge  was  measured  by  holding  a  small  Price  acoustic 
current  meter  in  the  mouth  of  the  7-inch  discharge  pipe.  It  was  1.71 
second-feet,  or  750  gallons  a  minute. 

As  determined  by  Mr.  E.  L.  Houck,  principal  owner  of  the  Horaco 
ranch,  a  barrel  of  50  gallons  of  gasoline  was  consumed  by  the  engine 
at  well  No.  3  in  fifty-three  hours.  With  gasoline  at  17  cents  per 
gallon  the  fuel  cost  of  water  was  16  cents  an  hour,  or  $0.00356  per 
1,000  gallons,  or  $1.16  per  acre-foot.  Since  the  total  lift  of  the  pump 
is  31.76  feet,  the  cost  of  fuel  for  1,000  foot-gallons  is  $0.000112,  or 
one  eighty-ninth  of  a  cent.  The  consumption  of  gasoline  at  the  time 
of  the  test  was  measured  by  noting  the  changing  level  of  the  gasoline 
in  a  cylindrical  tank  1.85  feet  in  diameter.  The  change  of  level  in 
one  hour  was  0.0867  foot.  This  is  equivalent  to  1.76  gallons  an  hour. 
On  this  basis  the  fuel  cost  of  water  was  $2.23  per  acre-foot,  and 
$0.000314,  or  one  forty-seventh  of  a  cent  per  1,000  foot-gallons. 

Well  No.  1  of  the  Horaco  Ranch  Company  is  376  feet  west  from 
well  No.  3.  It  is  75  feet  deep,  is  cased  with  7#-inch  pipe,  and  equip- 
ped with  18  feet  of  Mott  strainer.  Water  is  delivered  through  a  71- 
inch  vertical  pipe  opening  into  a  horizontal  wooden  flume.  It  is  raised 
by  a  No.  5  Byron  Jackson  horizontal-shaft  centrifugal  pump,  driven 
by  a  12-horsepower  Weber  gasoline  engine.  The  engine  made  238 
revolutions  and  106  explosions  a  minute.  The  pump  miade  815  revo- 
lutions a  minute  and  was  belted  directly  to  the  engine  from  a  24-inch 
driving  pulley  to  a  7-inch  driven  pulle3\ 

The  vacuum-gage  tap  was  0.43  foot  above  the  water  plane  on  Sep- 
tember 11,  1904.  It  was  7.1  feet  below  the  surface  and  8.95  feet 
below  the  end  of  vertical  discharge  pipe.  As  the  water  jet  rose 
0.762  foot  above  the  end  of  the  discharge,  the  total  lift  above  the 
vacuum-gage  tap  was  9.71  feet.  The  vacuum  gage  read  14.5,  which, 
corrected  for  altitude,  is  equivalent  to  12.5  inches  of  mercury,  or 
14.18  feet  of  water.  The  total  lift  of  the  pump  was,  therefore,  23.89 
feet. 

The  discharge  was  measured  by  integrating  with  a  Price  acoustic 
current  meter  in  the  rectangular  flume.  The  selected  cross  section  had 
an  average  depth  of  0.278  foot,  an  average  width  of  1.42  feet,  and  an 
area  of  0.395  square  foot.  The  average  velocity  of  the  water  was 
4.707  feet  per  second,  giving  a  discharge  of  1.86  second-feet,  or  837 
gallons  per  minute. 

The  area  of  the  well  strainer  is  36  square  feet.  The  water  level  in  the 
well  was  lowered  13.75  feet  during  pumping,  and  therefore  the  spe- 
cific capacity  of  the  well  is  60.8  gallons  per  minute,  or  1.69  gallons  per 
minute  for  each  square  foot  of  strainer. 
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Although  tlic  amount  of  water  obtAined  at  well  No.  1  in  very  much 
greater  than  at  well  No.  3,  the  cost  for  fuel  i^^  substantially  the  samo. 
Thf  con  sumption  of  gnsolino  la  slightly  less  than  1.2  gallons  an  hour. 
With  gasoline  at  17  vmttn  a  gallon,  the  hourly  itmt  is  20  centtt.     The 
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amountof  water  olitiiinrd  Iwing  S  i  gallon-  a  minute,  or  50,220 gallons 
an  hour,  the  fuel  <o.st  wivs  $0  004  [jpi  1  000  gallons,  or  $1.;KI  per  acrc- 
f<iot.  The  lift  at  well  No.  1  lieing  2i  s }  feet,  the  eost  of  fuel  for  eai-h 
l.OOtt  foot-giillons  was  ij«il.0001h7,  oi  one  sixtieth  of  a  cent. 
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Well  No.  2  of  the  Horaco  lliiiu'li  C/ompaiiy  is  37^)  feet  west  of  well 
No.  1.  It  is  oii  feet  deep,  is  cjised  with  l>i}-in<'ii  pipe,  'and  is  equipped 
with  18  feet  of  Mott  strainer  at  the  bottom.  Water  is  raised  hv  a  No. 
5  Byron  Jackson  horizontal-shaft  centrifiijral    pump,    driven    by   a 
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>'iu.  31.— Diagram  of  pumping  plant  No,  2,  Iloruco  Kaiich  Comimny. 

12-horsepower  Weber  gasoline  engine.  It  is  taken  from  the  well 
through  a  7-inch  suction  and  discharged  through  a  7-inch  vertical 
pipe  into  a  horizontal  flume.     The  engine  made  239  revolutions  and 
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103  explosions  a  minute.  It  was  belted  directly  to  the  pump  shaft 
from  a  24-inch  driving  pulley  to  a  7-inch  driven  pulley.  The  speed 
of  the  pump  was  700  revolutions  a  minute. 

The  vacuum-gage  tap  placed  in  the  goose  neck  of  the  pump  was  1.28 
feet  above  the  water  plane  and  10.02  feet  below  the  top  of  the  vertical 
discharge  pipe.  As  the  water  jet  rose  0.34  foot  above  the  discharge 
pipe,  the  total  lift  of  the  pump  above  the  vacuum-gage  tap  was  10.3»> 
feet.  The  vacuum  gage  read  24  inches,  which,  corrected  for  altitude, 
is  equivalent  to  22  inches  of  mercury,  or  24.9  feet  of  water.  The 
total  lift  of  the  pump  was  therefore  36.26  feet. 

The  discharge  was  measured  b}"  integrating  with  a  Price  acoustic 
current  meter  in  the  rectangular  flume.  The  selected  cross  section 
had  an  average  depth  of  0.251  foot,  a  width  of  1.44  feet,  and  an  area 
of  0.362  square  foot.  The  mean  velocity  was  1.172  feet  per  second, 
which  gives  a  total  discharge  of  0.425  second-foot,  or  191  gallons  |)er 
minute. 

The  water  in  the  well  was  lowered  23.64  feet  b}'^  pumping.  This 
makes  the  specific  capacity  of  the  well  8.1  gallons  per  minute,  or  0.178 
gallon  per  minute  for  each  square  foot  of  sti*ainer. 

The  consumption  of  gasoline  by  the  engine  at  well  No.  2  is  known 
b}'  comparison  with  that  at  well  No.  3.  Although  the  amount  of 
water  pumped  is  very  much  less  than  at  well  No.  3,  the  consumption 
of  gasoline  is  as  great,  and  even  slightly  greater,  say  1.2  gallons  an 
hour.  With  gasoline  at  17  cents  per  gallon  the  hourl}^  cost  of  fuel  is 
20.4  cents.  The  fuel  cost  of  water  is  then  1.78  cents  per  1,0<X)  gallons, 
$0.000505,  or  one-twentieth  of  a  cent  per  1,000  foot-gallons,  and  $5. so 
per  acre-foot. 

Mr.  Houck  gives  the  combined  cost  of  the  three  pumping  plants  on 
the  Horaco  ranch  as  follows: 

(hst  of  pumping  plants  on  Horaco  ranch. 

Three  12-horFepo\ver  \Vel)er  ganoline  engines,  three  No.  5  Byron  Jackeon 

pumps  with  piping,  l)elting,  etc. ,  al I  in  place $2, 100. 00 

Wells  at  $2. 50  per  foot 475. 00 

Well  pit4«,  buildings,  flumes,  etc.,  extra 400. 00 

2. 975. 00 

Depreciation  at  10  per  cent  and  interest  at  8  per  cent  amount*^  to 
$530  per  annum.  For  an  irrigation  season  of  one  hundred  dajs  this 
averages  $5.36  per  day,  or  $1.80  a  day  for  each  plant. 

The  hourly  cost  of  plant  No.  1  may  be  figured  as  follows: 

Hour  1 1/  coat  of  pumping  plant  No.  1  at  Horaco  ranch. 

Fuel  (gasoline) $0. 16 

Interest  and  <lepn*ciati()n IS 

Lal)or,  lubricating  oil,  etc 10 

Total 44 
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The  last  item  is  based  on  the  supposition  that  one  man  can  run  the 
three  plants. 

At  well  No.  1  the  yield  of  water  is  837  gallons  a  minute,  or  50,220 
gallons  an  hour.  The  cost  is  therefore  $0.00876  per  1,000  gallons,  or 
1)2.85  per  acre-foot. 

The  cost  at  the  other  plants  is  much  greater  on  account  of  poorer 
wells.  The  wells  would  probably  show  little  difference  in  capacity  or 
cost  of  the  water  if  they  were  all  as  deep  as  well  No.  1.  The  coarse 
gravels  were  not  reached  at  all  in  well  No.  2,  and  were  not  penetrated 
in  well  No.  3. 

Mr.  Houck  made  a  careful  test  of  the  amount  of  gasoline  used  at 
pumping  plants  Nos.  1  and  3  in  November,  1904.  Each  of  the  engines 
at  these  plants  ran  sixteen  houre  on  16  gallons  of  gasoline.  These 
tests  are  in  substantial  accord  with  the  former  tests  quoted  above,  ))ut 
show  a  slightl}'^  smaller  quantity  of  gasoline  consumed. 

Plants  Nos.  1  and  3  were  used  on  two  occasions  to  irrigate  25  acres 
of  land,  consisting  of  21  acres  of  alfalfa  and  4  acres  of  orchard  and 
gaixien,  and  sixteen  hours  of  continuous  run  were  required  at  each 
trial.     This  is  equivalent  to  about  2i  inches  of  water  per  irrigation. 

An  interesting  observation  was  made  of  the  effect  of  stopping  the 
pumps  during  the  night  instead  of  making  a  continuous  run  as  above. 
When  this  was  done  the  pumps  had  to  be  run  two  and  one-half  hours 
longer  to  irrigate  land  that  had  previously  been  irrigated  in  sixteen 
houi*s. 


APPENDIX. 


ANALYSES  OP  WELL  WATER  AND   DATA  CONCERNING  WELLS  AT  AND  NEAR 

EL  PASO,   TEX. 

This  information  was  furnished  by  Mr.  A.  C/Onrchesne,  of  El  Paso, 
Tex. 

Wah'r  m  corral  at  stone  fjuarry  aJyore  El  Paso,  Tex. 


Analysis. 


SilicA , 

Alumina , 

Lime , 

Magnc^sia 

So<la , 

Car])onic  acid 

Sulphuric  acid 

Chlorine  (CI) 

Water  of   crystallization,    or 


Oxygen  ecjuivalent  to  CI . 
Total  Holids 


Parts  per 
lOO.OUO. 


3.00  ,  SilicA 

2.00   '  Alumina 

26.  20      Carbonate  of  lime 

6.11  ,   Sulphate  of  lime 

18.  84      Sulphat-e  of  magnesia 

15. 00  ,   Sulphat-e  of  soda 

2.S.  70      Chloride  of  sodium 

20. 60      Water  of  crvstallization,  etc. 


1.20 


116.65 
4.65 

112.00 


Total  solids . . . 

Total  hardness 

Permanent  hardness 


Parts  !•*  r 
100,0tt». 


3.  («) 

2.(X) 

34.  Oil 

1 7.  hS 

18.  ;^) 
:«.  9") 

1.2i3 

1 12.  00 
62,  20 
28.  20 


This  is  not  a  ^ood  boiler  water,  though  most  of  the  solids  will  come 
down  as  sludge  instead  of  sticking  to  tubes.     Still  there  is  enough 
in  combination  to  make  a  hard  seal  of  sulphate  of  lime  and  carbonate 
of  magnesia.     The  wat<?r  will  corrode,  but  not  badly. 
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Anabjftis  of  water  from  mile  211,  El  Paso  aiul  iSoulhwestfm  Railroad. 


CouHtitiient. 

Part-s  per 
lOO.OOO. 

7.00 

1.00 

6.70 

2.80 

16.40 

13.65 

7.48 

8.70 

25 

Probable  combination. 

Parta  per 
100.000. 

SilicA 

Silica • 

9.00 

A  luniina 

Alumina 

Carlx)nate  of  lime 

1.00 

Lime 

12.00 

Magnesia 

Carl)onate  of  magnesia 

Sulphate. of  magnesia 

Sulphate  of  soda 

3.62 

Soda 

Sulphuric  acid 

Carbonic  acid 

3. 45 
20.33 

Chloride  of  sodium 

14.35 

Cliiorine(Cl) 

Water  of  crystallization 

Total  solids 

.25 

Water  of  crystallization 

62.00 

Oxygen  equivalent  to  CI 

Total  solids 

63.98 
1.98 

62.00 

This  is  a  good  locomotive  water,  and  is  a  fairly  good  drinking  water, 
very  slightly  medical  from  Glaubers  salts. 

Water  from  70-foot  well  at  ranch  of  A.  Cmirchemey  near  Ysleta^  Tex. 


Constituent. 


Part8  per 
100.000. 


Silica *. 

Alumina  and  phosphate 

Carbonate  of  lime 

Carbonate  of  magnesia 

Carbonate  of  soda 

Sulphate  of  soda 

Chloride  of  so<lium 

Organic  and  water  of  crystallization 


3.00 
10.00 
15.00 

3.01 
12. 13 

7.80 
23.30 

1.76 


106.00 


This  water  is  comparativel}^  soft  and  good  for  boiler  use.  It  has 
too  much  organic  matter  in  it  for  a  safe  drinking  water.  The  dried 
solids  blacken  on  ignition  and  smell  badly.  It  is  probably  polluted 
with  sewage. 
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Water  from  lime  quarry^  El  PaaOj  SO  feet  deep. 


Constituent. 


Silica 

Alumina 

Lime 

Magneflia 

Soda 

Sulphuric  acid 

Carl)onic  acid 

Oarlxmic 

Water  of  crystallization . 

Oxygen  equivalent  to  CI . 
Total  solids,  100  c. 


Parla  per 
100.000. 


Probable  combinations. 


Part*  per 
lOO.OOO. 


2.60 

2.00 

44.72 

10.80 

65.80 

60.00 

14.00 

75.60 

27.50 

303.  02 

17.02 

!  Silica 

Alumina , 

Carbonate  of  lime , 

Sulphate  of  lime 

Sulphate  of  magnesia. . 

Chloride  of  sodium 

Water  of  crystallization 


286.00 


Total  solids,  100  c 

Total  solids,  grains  per 
gallon  (US) 


2,6il 

2.i» 

32.  (iO 

32.40 
124. 11  > 

27.5*) 

2Hll.(iO 
167.00 


This  water  is  not  good  for  drinking  or  boiler  puiposes.  It  T%ill 
scale  and  corrode  badly.  It  could  be  made  iisa])le  for  boilers  by  trejit- 
nient  with  caustic  and  carbonate  of  soda,  but  it  would  not  then  l>e  a 
good  water  on  account  of  high  proportions  of  com?iion  salt. 

Analii»es  of  vHitera  from  welh  of  El  Paso  ice  jAanl. 


Constitncnt. 


Organic 

Silica 

Sulphate  of  lime 

Carbonate  of  lime 

Carbonate  of  magnesia. 

Chloride  of  sodium 

Chloride  of  lime 

Chloride  of  magnesia . . 
Sulphate  of  magnesia  . . 

Sulphate  of  sodium 

Carbonate  of  sodium  . . 
iron  and  alumina 


300-foot wel I    so- foot  well 
Surface     ifcrains  per     (g^rain!)  per 
water.    .    ll.  S.  gal-        U.  S.  (gal- 
lon).       '        Ion.) 


Total  solids :     115. 0 

Incrustants ,      34. 9 

Corroding  salts 


Rating  for  boiler  purpoK-s 


27.224  125.046 

10.682  I         47.992 

'       I9.:«i 

(70<h1.      Very  lad. 
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inalytfwjrom  water  from  itrw  40()-fo()t  trdl  of  El  Paw  Ice  and  Refrigerator  Comjxinfi^ 

Kl  Piixoj  Te,i\ 


Constituent. 


Silica 

A  luinina 

Lime 

^f  agnesia 

Sdia 

C'hlorine 

Car]x)nicaci(l.. 
Sulpharic  acid. 


Oxygen  equivalent  to  CI 
Total  solids 


l*artH  per 
100,000. 


0.  50 
Tr. 
2.23 
3.00 
8.98 
5.31 
5.72 
4.45 

30.19 
1.19 


29.00 


Probable  combinations. 


Silica 

Alumina 

Carbonate  of  lime 

Carlx)nate  of  magnesia. 

Carbonate  of  soda 

Sulphate  of  soda 

Chloride  of  sodium 


Parts  per 
100,000. 

0.50 

Tr. 

4.00 

6.30 

1.59 

7.90 

8.71 

Total  solids . . . 
Total  hardness 


29.00 
11.5 


ThiH  i.s  a  good  water.  The  hardness  is  rather  high,  hut  it  is  tem- 
porary, and  only  a  small  part  (al)out  20  per  cent)  will  incrust,  the  rest 
falling  as  slugs  in  the  boiler,  which  can  Ixi  blown  out. 

AnaiyttiM  of  El  I\uo  well  water. 


ConHtitucnt. 


In  crusting  solids: 

Calcium  carlxmate  . . . 

Calcium  sulphate 

Calcium  chloride 

Magnesium  carbonate 
Magnesium  sulphate  . 
Magnesium  chloride. . 

Iron  and  alumina 

Silica 

Suspended  matter 


Grains  per 
U.  S.  gallon. 


Total 

Xonincrusting  solids: 

Sodium  sulphate 

Sodium  chloride 

Sodium  carbonate 

Total 

Alkalinity 

Hardness 

Carbonic  acid 

Pounds  of  incrusting  solids  per  thousand  gallons 


3.20 
None. 
None. 

1.39 

None. 

None. 

.07 

1.61 
Trace. 

6.27 


5.82 

7.02 

4.19 

17.03 

9.33 

5.26 

2.42 

.90 
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GKOIJND    WATKHS   OF    RIO   GRANDE   VALLEY, 


[sit.  ui. 


^ort/t  ¥vefl       South  we// 


tVater/e^e/^  i 
at/69' 


H^ork/ng  barre/ 
at  /69'        ^ 


iVater  /ereJ 
at/90' 


IVorHmP  barre/ 
ae^OO' 

Fig.  32.— Wells  at  Fort  Bliss  station.  El  Paso  and  Northeastern  Railroad. 


Data  concerning  veils  at  Fbri  Bliss 

NORTH   WELL. 

Completed:  July  22,  1901. 

Total  depth:  249  feet. 

Casing:  249  feet  of  6-inch. 

Depth  of  working  barrel :  245  feet. 

Water  level:  169  feet  below  earth's  surface. 

Pump:  12  by  36  inches,  Cook. 

Tested  capacity  of  well:  80,000  gallons  j)er  twenty-four  hours. 

SOUTH   WELL. 

Completed:  1901. 

Total  depth:  410  feet. 

Casing:  410  feet  of  6-inch. 

Depth  of  working  barrel:  400  feet. 

Water  level:  190  feet  below  eartli's  surface. 

Pump:  10  by  36  inches,  Cook. 

Tested  capacity  of  well:  30,000  gallons  per  twenty-four  hours. 


FEATURED   COMMON   TO   NORTH    .\NJ>  SOUTH    WELU». 

Contractor:  William  McT^ast^. 

Size  of  hole:  8  inches. 

Pump  column:  6-inch  standard. 

Working  barrel:  5J-inch,  Cook. 

Well  rods:  No.  3;  3-inch  hickory,  IJ-inch  straight  pins. 

Storage:  50,000  galhms,  wooden  tank. 

Boiler:  30  horsepower,  Economic. 
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A/uthfxia  of  Fort  lUiitH  uril  truUr. 


Constituent. 


Calcium  carl)onate  (incniHtin;?) 

Magnesiuin  carbonate  (incriiBtinj?) 

Silica  (incriwting) 

Oxides,  alumina  and  iron  (incrusting) 

Alkali  carbonates  (nonincrustinjr) 

Alkali  sulphates  (nonincrusting) 

Alkali  chlorides  (nonincrusting) 

Alkali  nitrates  (nonincrustuig) 

Suli)hates,  lime,  and  magnesium 


Total  incrusting  solids 

Total  nonincrusting  solids. 


Pounds  incniating  matter  ynur  1,000  galkms 

IViunds  nonincrusting  matter  i)er  1,000  gallons 


'    Gniini*  per 
r.S.  gallon. 


4.90 
3.09 
1.34 

.06 
2.74 
2.62 
1.63 

.70 
Traces. 


9.39 
7.69 


1.34 
1.09 


This  water  .should  be  clastsed  as  ffood. 


INDEX. 


Page. 
Aerrfeultuml  College,  pumping  plantR  at, 

data  concerning 34-37,65-^ 

pumping  plantj)  at,  section  of,  diagram 

showing 66 

wells  of 22 

Alkali.    See  Saltis. 

Barker,  L.  C,  pumping  plant  of,  data  con- 
cerning   Sl,ai-38.fl-53 

pumping  plant  of,  Rection  throng  h,  dia- 
gram showing 62 

reservoir  of 38 

well  of.  water  of,  analysis  of 20 

Berino,  N.  Mex.,  cross  section  at,  diagram 

showing 30 

pumping  plants  near,  data  concerning.  67-73 

water  horizon  at 30 

wells  near 30 

water  of,  analyses  of 20 

Boyer,  Mrs.  E.  M.,  pumping  plant  of,  data 

concerning 31, 34-36, 38, 56-58 

pumping  plant  of.  section  through,  dia- 
gram showing 57 

well  of 24 

water  of,  analysis  of 20 

Burke,  F.,  pumping  plant  of,  data  concern- 
ing  31.34-38,53-56 

pumping  plant  of,  section  through,  dia- 
gram showing 55 

Caliche,  occurrence  and  character  of 15-17 

California  well  rig,  view  of 16 

Carrera,  J.  C.  pumping  plant  of,  data  con- 
cerning  81,34-36,38,53 

pumping  plant  of,  section  through,  dia- 
gram showing 54 

well  of.  water  of,  analysis  of 20 

Chlorine  in  Rio  Grande  water,  quantity  of.  12-13 
quantity  of,  variation  in,  diagram  show- 
ing        12 

Conrchesne,  A.,  analysis  furnished  by 74 

well  of.  water  o/,  analysis  of 75 

Depth,  variations  of  ^«lts  in  water  with  . . .       12 

El  Paso,  ground  water  near 14-21 

ground  water  near,  analyses  of 74-79 

narrows  at,  cross  section  of 11 

map  of 10 

pumping  plants  near 39-51 

sections  through,  diagrams  show- 
ing  40.42,44,45,48.49 

quarry  at,  water  of.  analysis  of 74, 76 
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Page. 

El  Paso,  rainfall  at 21 

Rio  Orsnde  near,  view  of 10 

section  near,  diagram  showing 16 

underflow  near 9-13 

wells  at  and  near,  location   of,  map 

showing 15 

water  of.  analyses  of 20, 74-79 

El  Paso  and  Northeastern  Railroad,  well  of, 

water  of,  analysis  of 20 

El  Paso  and  Southwestern  Itailroad,  well  of, 

water  of.  analysis  of 75 

El  Paso  Brewery,  well  of,  water  of,  analysis 

of 20 

El  Paso  Ice  and  Refrigerator  Company,  well 

of,  water  of,  analysis  of 77 

Electrolytes,  use  of 12 

Flcx)d8,  occurrence  of 25, 30 

Fort  Bliss  Military  Reservation,  wells  of . ..  17-18 
wells  of,  section  of,  diagram  showing . .        78 

water  of.  analyses  of 20,78-79 

French,  W.  N..  pumping  plant  of.  data  con- 
cerning  31,31-36,38,41-43 

pumping  plant  of.  section  through,  dia- 
gram showing 41 

well  of. 18 

section  through,  diagram  of 16 

water  of,  analysis  of 20 

Fuel,  cost  of 33 

Ground  water,  amount  of 28-29 

at  Berino 30 

below  El  Paso 14-21 

in  Mesilla  Valley 22-29 

level  of,  variation  in,  diagram  showing.       26 

origin  of 1 7-lS,  22, 25-28 

salts  in,  variation  In,  diagram  showing.        12 

velocity  of 9 

Gypsum,  occurrence  of 14 

Hadlock,  E.  J.,  pumping  plant  of,  data  con- 
cerning   31 ,  34-36, 39-41 

wells  of,  analysis  of 20 

arrangement  of,  diagram  showing .       39 

location  of.  figure  showing 30 

water  in,  elevation  of,  figure  show- 
ing         40 

Hager,  W.  N.,  pumping  plant  of,  data  con- 
cerning  31, 34-38.  SS-.W 

pumping  plant  of,  section  through,  dia- 
gram showing 58 

well  of,  water  of,  analysis  of 20 

81 
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Hereford,  section  at,  dla^rram  showing  —       16 

soil  near 17 

Hines,  A.  L.,  pumping  plant  of.  data  con-  . 

cerning 31, 34-58, 59-«l 

pumping  pi  tnt  of,  section  through, dia- 
gram showing 60 

well  of,  water  of,  analysis  of 20 

Horaco  Ranche  Company,  pumping  plants 

of.  data  concerning 81 , 

84-35,37-88,67-78 
pumping  plants  of,  SGCtlons  through, 

diagrams  showing 68, 70, 71 

view  at 62 

wells  of 30 

water  from,  analyses  of 20 

International    Water    Supply    Company, 

wells  of 18 

Lanoria  Mesa,  location  and  character  of. . .        14 

section  through,  diagram  of 16 

Las  Cruces,  N.  Mex.,  floods  at 25 

irrigation  at  and  near 22 

pumping  plants  near 31, 36-37, 51-67 

sections  through,  diagrams  show- 
ing   52, 54, 67 

nnderflow  near 22 

wells  near,  water  of,  analyses  of 20 

Lava,  occurrence  of 14 

Lost  River,  lotration  of 14 

Map  showing  location  of  wells  and  pump- 
ing plants  near  EI  Paso 12 

showing  location  of  wells  near  Mesilla 

Park 23 

Martinez,  Felix,  pumping  plant  of,  data 

concerning 31 ,  34-36, 38. 43-45 

pumping   plant   of,    sectitm    through, 

diagram  showing 44 

well  of,  water  of,  analysis  of 20 

Mesilla,  N.  Mex.,  pumping  plants  near  —      31. 

34-38,5^-61,64-65 
pumping  plants  near,  sections  through, 

diagrams  showing 58, 60 

Mesilla  Park,  ground  water  at 26-27 

pumping  plants  near 31,34-38,53-56,65-67 

sections  through,  diagnims  show- 
ing   55, 66 

wells  near,  legation  of,  map  showing  ..       28 

Mesilla  Valley,  ground  water  in 22-31 

irrigation  at  and  near 22 

pumping  plants  in 22, 37, 51-67 

sections  of,  diagrams  showing 55, 

58,60,63,66 

underflow  in 22 

wells  In 22-24,29 

Mexican-American  International  dam,  lo- 
cation of 9 

.SV  e  aljfo  Nurn)ws. 

Narrows  of  Kio  (irande,  crotw  section  at 9, 18 

cn)sH  section  at,  diHgram  sho\%'ing 11 

dnta  concerning 9-13 

map  of 10 

underflow  at 9-13 

annl\>cs  of 20 

salts  in.  variation  in.  diagram  show- 

injf 12 

view  (if 10 

New  Mexico,  southern,  pumping  plants  in.  31-3H 


Porcber,  J.  S.,  pumping.i^a&t  of>.dftia  cpn- 

cenilng 31. 34-36, 38,  .lO^I 

pumping  plant  of,  section  through,  dia- 
gram showing 4d 

water  plane  at,  elevation  of,  flgare 

showing 1» 

wells  of,  water  of l»-19, 2. 

analysis  of ii' 

Porcher  strainer,  view  of l*^ 

Pumping  plants,  fuel  cost  of ^ 

location  of,  map  showing r» 

•  opterating  coat  of 32-:3 

specific  capacity  of 32, 36-»T 

teats  of 39-73 

vacunm  of,  determination  of 31-32 

See  also  indiriducU  plants. 

Rainfall,  amount  of 17, 21.  J2 

Reservoirs,  storage,  necessity  for 3* 

Rigs,  well,  views  of 1^,30 

Rio  Grande,  floods  on ix* 

narrows  of,  cross  section  of '1 

map  of 10 

view  of '. 10 

seepage  from 21,  '>-J9 

underflow  of,  at  Narrows 9-13 

near  Mesilla  Park 29 

valley  of,  cross  section  of«  figure  showing       SO 

water  of 10-11,21 

anal  ysls  of JO 

salts  in,  variation  in,  diagram  show- 
ing        12 

water  plane  near,  elevation  of,  diagram 

showing •-       19 

wells  along I^ 

water  from,  analyses  of JO 

Roualt,  T.,  pumping  plant  of,  data  con- 
cerning  81, 34-38, 61-«4 

pumping  plant  of,  section  through,  dia- 
gram showing ^'* 

well  of,  water  of,  analysis  of 20 

Sacramento  Mountains,  location  of 14 

timber  on.  view  of 3p 

Salts,  in  Rio  Grande  underflow 11-12 

in  Rio  Grande  underflow,  quantity  of. 

variation  in,  diagram  showing.       12 

in  wells U 

Silt,  layersof 13 

Smith,  J.  A.,  pumping  plants  of.  data  con- 
cerning  31.34-36,88, 4.>-l9 

pumping  plants  of,  sections  through. 

diagrams  showing 45, 4S 

view  of ^ 

water  plancat,  elevation  of, diagram 

showing 19 

wells  of,  water  of,  analyses  of '^ 

Southern  Pacific  Railroad,  wells  of 17 

wells  of,  water  of.  analyses  of 20 

Specific  capacity,  determination  of «<2 

Ste  (Uso  individual  plants. 

Test  wells  at  narrows,  use  of 12. 23-24 

water  of.  analyses  of 20 

elevation  of,  diagram  showing 24 

test  wel  1  in  Mesilla  Valley «-25 

water  level  In,  variation  of,  diagraoi 

showing -*6 

Texas,  traus-Pecos,  pumping  plants  in 31-^* 


INDEX. 
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Pa«e. 

Tlnaley,  J.  D.,  aid  of 25 

Totten,  G.  H.,  pumping  plant  of,  data  con- 
cerning  ai,M-38,G4-65 

pumping  plant  of.  section  through,  dia- 
gram showing 63 

well  of,  water  of,  analysis  of 20 

discbarge  of.  parabola  of,  diagram 

showing 65 

Underflow  at  narrows 9-13 

at  narrows,  velocity  of 9,12-18 

jialtsln 11-12,14 

source  of 25-28 

See  alfo  Ground  water. 

Vacuum,  determination  of 31-32 

Water,  ground.    See  Ground  water. 


Page. 

Water  horizon,  depth  to  and  location  of. . .  14-15, 

22,24-25.30 
position  of,  diagrams  showing 19, 24, 30 

Well  rigs,  views  of 16, 20 

Wells,  depth  of 29 

location  of 14,17-18,22 

maps  showing 15, 23 

water  of,  analyses  of 22 

See  aUo  individual  tvelU  arul  pumping 
planU, 

Wells,  deep,  need  of 29 

Wells,  test.    Sec  Teat  wells. 

White  sands.    See  Gypsum. 

Wood,  cost  of 33 

Ysleta,  Tex.,  well  near,  waterof,  analyaisof .       75 
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PUBLICATIONS  OF  UNITED  STATES  GEOLOGICAL  SURVEY. 

[Water-Supply  Paper  No.  141.] 

The  serial  publications  of  the  United  States  Geological  Survey  consist  of  (1)  Annual 
Rej)ort8,  (2)  Monographs,  (3)  Professional  Papers,  (4)  Bulletins,  (5)  Mineral 
Resources,  (6)  Water-Supply  an<l  Irrigation  Papers,  (7)  Topographic  Atlas  of  United 
States — folios  and  separate  sheets  thereof,  (8)  Geologic  Atlas  of  the  United  States — 
folios  thereof.  The  classes  numbered  2,  7,  and  8  are  sold  at  cost  of  publication;  the 
others  are  distributed  free.    A  circular  giving  complete  lists  may  be  had  on  application. 

Most  of  the  above  publications  may  be  obtained  or  consulted  in  the  following  ways: 

1.  A  limited  number  are  delivered  to  the  Director  of  the  Survey,  from  whom  they 
may  be  obtained,  free  of  charge  (except  classes  2,  7,  and  8),  on  application. 

2.  A  t!ertain  number  are  allotted  every  member  of  Congress,  from  whom  they 
may  be  obtained,  free  of  charge,  on  application. 

3.  Other  copies  are  deposited  with  the  Superintendent  of  Documents,  Washington, 
D.  C'.,  from  whom  they  may  be  had  at  prices  slightly  above  cost. 

4.  Copies  of  all  Government  publications  are  furnisheil  to  the  principal  public 
libraries  in  the  large  cities  throughout  the  United  States,  where  they  may  be  con- 
sulted bv  those  interested. 

The  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a  variety  of 
subjects,  and  the  total  number  issued  is  large.  They  have  therefore  l^een  classified 
into  the  following  series:  A,  Economic  geology;  B,  Descriptive  geology;  C,  System- 
atic geology  and  paleontology;  D,  Petrography  and  mineralogy;  E,  Chemistry  and 
physics;  F,  Geography;  (i.  Miscellaneous;  H,  Forestry;  I,  Irrigation;  J,  Water  stor- 
age; K,  Pumping  water;  L,  Quality  of  water;  M,  General  hydrographic  investiga- 
tions; N,  Water  power;  O,  Underground  waters;  P,  Hydrographic  progress  reports. 
This  paper  is  the  eleventh  in  Series  K  and  the  forty-fourth  in  Series  O,  the  complete 
lists  of  which  follow  (PP= Professional  Paper;  B=Bulletin;  WS= Water-Supply 
Paper): 

SERIES  K,  PUMPING  WATER. 

WS     1.  Pumping  water  for  irrigation,  by  H.  M.  Wilson.    1896.    67  pp..  9  pK 

WS     8.  Windmills  for  Irrigation,  by  E.  C.  Murphy.    1897.    49  pp..  8  pig. 

WS   14.  New  tests  of  certain  pumps  and  water  lifts  used  in  irrigation,  by  O.  P.  Hood.    1898.    91  pp., 

Ipl. 
WS   20.  Experiments  with  windmills,  by  T.  O.  Perry.    1899.    97  pp..  12  pis. 
W.S   29.  Wells  and  windmills  In  Nebraska,  by  E.  H.  Barb6ur.    1899.    8.=)  pp.,  27  pis. 
WS   41.  The  windmill:  Its  efficiency  and  economic  use.  Pt.  1,  by  E.  C.  Murphy.    1991.    72  pp.,  14  pis. 
WS   42.  The  windmill,  Pt.  II  (continuation  of  No.  No.  41).    1931.    73-147  pp..  15-16  pis. 
WS   91.  Natural  features  and  economic  development  of  Sandusky.  Maumee,  Muskingum,  and  Miami 

drainage  areas  in  Ohio,  by  B.  H.  Flynn  and  M.  S.  Flynn.    1904.    130  pp. 
WS  1.S6.  Cnderground  waters  of  Salt  River  Valley,  Arizona,  by  W.  T.  Lee.    H0'>.    194  pp..  24  pis. 
WS  141.  Observations  on  the  ground  waters  of  the  Rio  Grande  Valley,  1904,  by  C.  S.  Slichter.    1905. 

83  pp.,  5  pis. 

SERIES  O.  UNDERGROUND  WATERS. 

WS  4.  A  reconnaissance  in  southeastern  Washington,  by  I.  C.  Russell.    1897.    96  pp.,  7  pis. 

WS  6.  Underground  waters  of  southwestern  Kansas,  by  Erasmus  Haworth.    1897.    66  pp.,  12  pis. 

WS  7.  Seepage  waters  of  northern  Utah,  by  Samuel  Fortier.    1897.    50  pp.,  3  pis. 

WS  12.  Underground  waters  of  southeastern  Nebraska,  by  N.  H.  Darton.    1898.    56  pp.,  21  pis. 

WS  21.  Wells  of  northern  Indiana,  by  Frank  Leverett.    1899.    82  pp.,  2  pis. 

WS  26.  Wells  of  southern  Indiana  (continuation  of  No.  21),  by  Frank  Leverett.    1899.    64  pp. 

WS  30.  Water  resources  of  the  lower  peninsula  of  Michigan,  by  A.  C.  I-ane.    1899.    97  pp..  7  pis. 

WS  31.  Lower  Michigan  mineral  waters,  by  A.  C.  Lane.    1899.    97  pp.,  4  pis. 

WS  34.  Geology  and  water  resources  of  a  portion  of  soulhea.«»tern  .South  Dakota,  by  J.  E.  Todd.    1900. 

84  pp..  19  pis. 

WS   63.  Geology  and  water  resources  of  Nez  Perces  County,  Idaho,  Pt.  I,  by  I.  C.  Russell.    1901.    86 

pp.,  10  pis. 
WS   54.  Geology  and  water  resources  of  Nez  Perces  County.  Idaho.  Pt.  II.  by  I.  C.  Ru.isell.    1901. 

87-141  pp. 
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II  ADVERTISEMENT. 

WS  65.  Qeolo^  and  water  resources  of  a  portion  of  Yakima  County.  Wash.,  by  G.  O.  Smith.    1901. 

68  pp.,  7  pis. 
WS    57.  Preliminary  list  of  deep  borings  in  the  United  SUtes,  Pt.  I,  by  N.  U.  Darton.    1902.    60  pp. 
WS   59.  Development  and  application  of  water  in  southern  California,  Pt.  I,  by  J.  B.  Lippiiicott. 

19Q2.    95  pp.,  11  pis. 
WS  60.  Development  and  application  of  water  in  southern  California,  Pt.  II,  by  J.  B.  Lippinci':T. 

1902.    96-140  pp. 
WS  61.  Preliminary  list  of  deep  borings  in  the  United  States,  Pt.  II,  by  N.  H.  Darton.    1902.    67  pp. 
WS   67.  The  motions  of  underground  waters,  by  C.  S.  Slicbter.    1902.    106  pp.,  8  pis. 
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LETTER   OF   TRANSMITTAL. 


Department  of  the  Interior,    . 
United  States  Geoix)gical  Survey, 

Hydrographic  Branch, 
Los  Angeles^  CaL^  February  16 ,  1906, 
Sir:  I  transmit  herewith  the  manuscript  of  a  report  on  the  hydrol- 
ogy of  the  San  Bernardino  Valley,  California,  and  recommend  that  it 
be  published  as  a  water-supply  paper.  This  report  has  l>een  prepared 
by  Mr.  W.  C.  Mendenhall,  geologist,  under  the  general  direction  of 
Mr.  N.  H.  Darton.  It  is  one  of  a  series  of  reports  on  the  under- 
ground waters  of  the  valley  of  southern  California. 

In  this  valley,  where  irrigation  practice  has  attained  a  high  degree 
of  perfection,  the  underground  waters  are  of  YQvy  great  importance, 
two-thirds  of  the  irrigated  acreage  being  dependent  upon  them  either 
wholly  or  in  part. 

In  this  paper  those  phases  of  the  geology  which  throw  light  upon  the 
amount,  distribution,  and  movements  of  these  waters  are  described, 
and  the  effects  of  development  and  drought  in  bringing  about  those 
clianges  in  water  levels  which  have  taken  place  in  recent  years  are 
discussed. 

The  author  has  had  constantly  in  mind,  in  the  preparation  of  the 
paper,  the  needs  of  the  practical  irrigator  and  the  questions  which 
must  arise  in  disputes  concerning  title  to  percolating  waters. 
Very  respectfully, 

F.  H.  Newell,  Chief  En^hwer, 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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HYDROLOGY  OF  SAN  BERNARDINO  VALLEY, 

CALIFORNIA. 


By  Walter  C.  Mendenhall. 


rN^TKODUCTION. 

GEOGRAPHIC   SITUATION. 

The  San  Bernardino  basin  lies  near  the  eastern  end  of  the  valley  of 
southern  California.  Under  the  latter  term  is  included  that  general 
lowland  area  which  is  definitely  limited  on  the  north  by  the  San  Gabriel 
and  San  Bernardino  ranges  and  on  the  east  by  the  latter  range  and  the 
San  Jacinto  group,  but  whone  «outhern  boundary  is  irregular  and  diffi- 
cult to  define.  In  this  direction  there  is  an  interdigitation  of  ridges 
and  valleys  as  the  SieiTa  Madre  Range  of  San  Diego  County  dies  out 
toward  the  north.  The  more  or  less  indefinite  heights  that  represent 
its  extension  in  this  direction  are  separated  by  lowlands,  which  in  turn 
are  to  be  regarded  as  southwest  lobes  of  the  well-defined  east-west 
valley  that  lies  along  the  base  of  the  San  Gabriel  Range. 

Toward  the  west  this  greater  valley  opens  directly  to  the  Pacific, 
without  the  intervention  of  any  extensive  heights.  The  Santa  Ana 
Mountains  and  the  San  Jose  Hills  project  well  into  it  from  the  south- 
east, at  a  distance  of  about  25  miles  from  the  Pacific  shore  line,  in  the 
vicinity  of  Ijordsburg,  and  reduce  its  width  at  this  point  to  but  a  few 
miles.  The  San  Gabriel  basin  and  the  coastal  plain,  separated  by  the 
low  Los  Angeles  and  Puente  hills,  lie  west  of  this  ridge.  East  of  it 
are  the  Cucamonga  and  Chino  plains,  the  Riverside  basin,  the  numer- 
ous more  or  less  isolated  valleys  of  the  upper  San  Jacinto  drainage 
area,  and  the  San  Bernardino  basin,  which  together  form  an  interior 
subdivision  of  the  greater  valley.  The  San  Bernardino  basin  is  the 
northeastern  part  of  this  interior  subdivision,  and  from  the  point  of 
view  of  water  supply  is  most  important.  It  is  separated  on  the  east 
and  south  from  the  adjacent  lowlands  by  the  Crafton  Hills,  the  ridge 
kn«wn  as  the  Badlands,  and  the  Jurupa  Mountains.  Toward  the  west 
it  opens  directly  into  the  wide  Cucamonga  plains.  It  lies  wholly  within 
the  valley  portion  of  San  Bernardino  County  and  forms  a  part  of  the 
drainage  basin  of  Santa  Ana  River,  all  of  the  streams  which  flow  down 
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into  it  from  the  San  Bernardino  and  San  Gabriel  mountains  beintj 
tributaries  of  this,  the  most  important  stream  in  southern  California. 

SETTLEMENT. 

When  in  1851  the  first  band  of  Mormon  immigrants,  led  by  Captain 
Hunt,  descended  through  Cajon  Pass  into  San  Bernardino  Valley,  after 
a  journey  of  months  across  the  parched  deserts  from  Salt  Lake,  the 
abundant  springs  of  pure  water  and  the  living  streams  in  the  great 
cienaga  must  have  appealed  to  them  with  a  force  which  was  greatly 
increased  by  the  vivid  memory  of  the  loss  of  their  companions  by 
thirst  in  Death  Valley  but  a  short  time  before.  It  is  not  a  matter  of 
wonder  that  they  decided  that  their  wanderings  should  ce^e  here  and 
that  forthwith  they  began  the  building  of  homes,  in  which  they  hoped 
to  spend  the  rest  of  their  lives. 

As  early  as  1810  a  mission  settlement  had  been  made  at  Politana, 
near  what  is  now  Bunker  Hill,  and  somewhat  later  another  of  more 
importance  and  greater  permanence  was  established  at  old  San  Ber- 
nardino, on  the  south  side  of  Santa  Ana  River.  Politana  was  dejitroyed 
b}^  the  Indians  and  abandoned  soon  after  its  foundation,  but  the  San 
Bernardino  branch  mission  flourished,  and  under  the  direction  of  the 
church  fathers  in  charge  there  the  Mill  Creek  zanja,  the  oldest  irriga- 
tion ditch  in  the  valley,  was  constructed  between  1820  and  1880. 
When  the  missions  were  secularized  by  command  of  the  Mexican  Gov- 
ernment in  1833,  and  their  lands  distributed  to  Mexican  citizens  bv 
large  grants,  the  San  Bernardino  rancho,  which  included  nearly  all  of 
the  cultivable  lands  of  the  valley,  fell  to  members  of  the  Lugo  family, 
and  from  them  it  was  purchased  by  the  Mormon  settlers  in  1851  for 
$7,600. 

DEVELOPMENT  OF  IRRIGATION. 

When  the  Mormons  came  into  possession,  the  Mill  Creek  zanja  at 
old  San  Bernardino  was  the  only  irrigating  work  in  this  part  of  Cali- 
fornia. The  wide  area  of  moist  lands  above  Colton,  the  limited  num- 
bers, the  simple  needs,  and  the  pastoral  habits  of  the  first  settlers,  all 
combined  to  reduce  the  necessity  for  irrigation,  so  that  the  first  ditch 
of  their  own  building  was  not  constructed  until  1854.  With  this 
beginning,  other  small  ditches  were  dug  in  the  middle  of  the  valley  as 
the  population  slowly  increased  and  the  irrigated  areas  were  gradually 
extended,  but  extensive  projects  were  not  undertaken  until  work  was 
begun  upon  the  first  Riverside  canal  by  a  New  England  colony,  the 
Silk  Center  Association,  in  1870.  By  1876  both  the  upper  and  lower 
Riverside  canals  had  been  completed,  and  thereafter  a  constantly 
increasing  acieage  was  brought  under  cultivation  by  the  water  nir- 
nished  b}'^  them,  until  in  1882  4,300  acres  were  reported  as  supplied  by 
these  systems,  which  at  that  time  depended  upon  the  flowing  waters 
of  Warm  C'reok  and  Santa  Ana  River. 
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During  this  period  the  waters  from  other  streams  tributary  to  San 
Bernardino  Valley  were  diverted  and  utilized  upon  the  available  lands. 
City  Creek  water  had  at  first  been  applied  only  to  the  lower  lands,  to 
which  it  could  be  most  easily  conducted;  but  in  1874  a  canal  was  con- 
strudted  by  which  it  was  taken  to  the  "bench"  lands  in  the  vicinity 
of  what  is  now  Highlands.  The  superior  value  of  the  bench  lands 
even  at  this  early  date  was  rapidly  coming  to  be  recognized. 

The  Highlands  ditch,  by  which  the  waters  of  Santa  Ana  River  were 
first  taken  out  upon  the  East  Highlands  mesa,  was  built  in  1881  and 
1882. 

In  1883  the  construction  of  the  Bear  Valley  dam  was  begun,  and 
with  its  completion  in  1884  the  reclamation  of  the  valuable  citrus  lands 
of  the  Redlands  mesa  was  accomplished.  The  success  of  this  project 
was  marred  by  bad  financiering  and  by  a  serious  overestimate  of  the 
amount  of  water  which  it  would  render  available,  so  that  although  it 
brought  into  the  productive  zone  a  large  acreage  of  fertile  lands  which 
were  useless, before  its  completion,  these  positive  gains  were  accom- 
panied by  serious  losses. 

The  tendency  constantly  observable  throughout  this  period  was  to 
extend  cultiv^ion  to  higher  ground.  The  first  canals  had  served 
only  the  lowest  lands  adjacent  to  the  river  bottoms;  but  these  lands, 
subject  as  they  were  to  frost,  proved  to  be  not  so  well  adapted  to  the 
valuable  citrus  fruits  as  the  warmer  benches.  Encouraged  by  the 
success  of  the  earlier  projects  and  recognizing  the  growing  value  of 
the  mesas,  Matthew  Gage,  in  1885,  undertook  the  construction  of  a 
higher  canal  from  which  it  was  proposed  to  irrigate  a  belt  of  the 
Riverside  mesa  lying  entirely  above  the  older  Riverside  canal  systems. 
The  Gage  canal  was  constructed  in  sections  and  was  finally  completed 
to  its  present  terminus  in  1888.  Unlike  the  other  large  canals  of  San 
Bernardino  Vallej^  it  has  depended  from  the  first  chiefly  upon  devel- 
oped underground  waters,  and  the  7,500  acres  of  splendid  citrus  lands 
which  it  has  brought  into  the  productive  zone  indicate  the  results  that 
may  be  accomplished  by  the  use  of  such  waters. 

Since  the  completion  of  the  Gage  system  other  projects  have  been 
put  through,  but  development  has  been  less  rapid  since  the  early  eight- 
ies, partly  because  the  available  water  supplies  were  generally  util- 
ized in  the  projects  which  had  been  developed  by  that  time  and  partly 
because  the  unfavorable  commercial  conditions  prevailing  during  the 
early  nineties  made  investors  generally  much  more  conservative. 

Among  the  later  developments  worthy  of  note  are  those  of  the  Riv- 
erside Highlands  Water  Company,  organized  in  1898,  whose  latest 
plant  for  the  supply  of  the  higher  parts  of  the  old  East  Riverside  dis- 
trict was  installed  in  1904.  The  final  result  of  all  of  this  development 
has  been  the  reclamation  of  about  54,000  acres  in  the  Redlands,  San 
Bernardino,  and  Riverside  quadrangles.     Nearly  all  of  this  acreage 
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depends  upon  the  water  supply  from  the  San  Bernardino  Mountains, 
either  utilized  directly  as  it  flows  from  the  canyons  or  recovered  later 
from  undergroimd  reservoirs. 

By  tracing  in  this  incomplete  review  the  development  of  the  irriga- 
tion projects  within  the  valley  from  the  time  when  only  the  low-lying 
lands  within  reach  of  the  old  Mill  Creek  zanja^  constructed  by  the 
Mission  fathers,  or  those  in  the  moist  bottoms  which  needed  no  artifi- 
cial watering,  or  only  such  as  could  be  given  by  the  simplest  of 
ditches,  were  utilized,  to  the  later  periods  when  the  superior  value  of 
the  bench  lands  came  graduall}^  to  be  recognized  and  costly  and  care- 
fully designed  irrigation  works  were  planned  for  their  redemption, 
we  gain  some  comprehension  of  the  constantly  increasing  demand  for 
water  and  its  concurrently  increasing  value. 

The  most  important  single  element  in  bringing  about  this  develop- 
ment has  been  the  growth  of  the  citrus  industry  since  the  foundation 
of  the  Riverside  colony  in  1870.  The  first  citrus  trees  were  probably 
some  seedling  oranges  grown  about  old  San  Bernardino  rather  as 
ornamental  trees  than  because  they  were  conceived  to  be  of  commer- 
cial value.  Indeed,  before  the  building  of  the  transcontinental  railwa}' 
lines,  which  gave  the  fruit  a  wide  market,  they  could  ^e  of  but  little 
importance,  since  local  consumption  has  never  been  sufficient  to  pro- 
vide a  profitable  market.  In  the  Riverside  colony,  however,  citru> 
trees  were  planted  early  as  a  commercial  venture,  and  from  a  modest 
beginning  there,  down  on  the  lower  lands  under  the  old  Riverside 
canal,  the  groves  have  gradually  crept  up  the  slopes  to  the  warm,  fer- 
tile, f  rostless  soils  of  the  mesa  (PI.  II,  A)  until  now  these  lands  wher- 
ever cultivated  are  producing  the  best  fruits  of  the  district. 

The  steady  increase  of  acreage  under  the  various  systems  and  the 
increasing  maturity  of  the  groves  first  planted  have  called  for  con- 
stant extensions  of  the  irrigating  systems.  With  the  increase  in  aci-e- 
age  there  has  gone  a  constant  improvement  in  irrigation  pi*ai*tice  and 
in  methods  of  cultivation,  so  that  the  amount  of  water  in  use  for  cit- 
iTis  orchards  has  diminished  from  1  miner's  inch  for  each  3  aci'es  to  1 
inch  for  5  or  6  acres,  and  many  successful  horticulturists  maintain 
that  even  this  diminished  amount  may  be  reduced  not  only  without 
harm  but  with  positive  benefit  to  the  soils  and  groves.  The  improve- 
ment in  practice  which  has  already  taken  place  means  that  the  amount 
of  water  used  for  irrigation  has  by  no  means  increased  as  rapidly  as 
the  area  cultivated,  yet  there  has  been  a  slow  general  increase,  as  the 
following  table  will  show. 
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United  States  Geological  Survey,  and  readers  are  referred  to  it  for 
details  of  the  organization  of  companies  operating  along  the  northern 
and  eastern  edges  of  this  valley,  and  for  descriptions  of  the  engineer- 
ing features  of  interest  there. 

A  later  paper  by  Mr.  Lippincott,  entitled  *'  Development  and  Appli- 
cation of  Water  near  San  Bernardino,  Colton,  and  Riverside,  Cal.." 
has  been  issued  in  two  parts,  as  Water-Supply  Papers  Nos.  59  and  Tm). 
of  the  United  States  Geological  Survey.  This  paper  includes  the 
results  of  Mr.  Lippincott's  studies  in  the  lower,  western,  and  southern 
parts  of  the  basin  and  the  contiguous  regions.  In  it,  as  in  the  earlier 
paper,  particular  attention  is  paid  to  the  surface  supplies,  to  engineer- 
ing features,  and  to  the  organization  and  operation  of  districts  and 
water-distributing  corporations. 

Results  of  measurements  of  stream  flow  made  by  Mr.  Lippincott  in 
his  oipacity  of  resident  hydrographer  of  the  Geological  Survey,  or  by 
his  assistants,  have  appeared  from  time  to  time  in  the  progress  reports 
of  the  division  of  hydrography,  and  these  have  been  assembled  with 
similar  data  from  other  parts  of  California  in  a  volume  entitled  "* Cali- 
fornia Hydrography,"  issued  by  the  Geological  Survey  in  1903,  as 
Water-Supply  Paper  No.  81.  This  volume  includes  the  measurements 
of  the  year  1902. 

The  United  States  Department  of  Agriculture  has  issued,  as  a 
reprint  from  its  Oflice  of  Experiment  Stations  Bulletin  No.  9,  a  vol- 
ume entitled  "Report  of  Irrigation  Investigations  for  1901,'- which 
includes  a  valuable  paper  by  Prof.  E.  W.  Hilgard  on  the  "Subterra- 
nean Water  Supply  of  the  San  Bernardino  Valley."  Professor  Hil- 
gard has  conducted  investigations  in  San  Bernardino  Valley  at  several 
periods,  and  has  paid  particular  attention  to  the  supply  of  the  Gage 
Canal  Company.  By  cooperating  closely  with  the  engineers  of  this 
organization  he  has  assembled  a  body  of  facts  which  have  unique 
value  in  a  study  of  the  underground  waters,  and  will  have  increasing 
value  as  they  are  augmented  by  accumulating  data. 

In  the  same  volume  is  a  paper  by  the  late  William  Irving,  engineer 
of  the  Gage  Canal  Compan}',  on  the  "Duty  of  Water  under  the  Gage 
Canal,  1901."  This  paper  is  one  of  a  series  issued  by  Mr.  Irving,  in 
which  the  dut\^  is  discussed  for  the  years  1899,  1900,  and  1901,  the 
earlier  papers  appearing  in  Bulletins  Nos.  86  and  104  of  the  Depart- 
ment of  Agriculture,  Office  of  Experiment  Stations. 

In  addition  to  these  papers  issued  by  experts  from  one  or  another 
of  the  departments  of  our  Government,  many  scattered  data  upon 
particular  phases  of  the  question  of  water  supply  are  to  be  found  in 
the  court  records,  as  a  part  of  the  the  testimony  introduced  in  the 
numerous  suits  which  have  been  filed  from  time  to  time. 
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[NO.  It 


per  cent  above  the  average,  so  that  a  more  nearl}'  correct  figure  maj 
be  obtained  if  it  is  reduced  by  one-half,  yet  with  this  liberal  reduction 
it  is  nearly  double  the  valley  records,  and  thus  illustrates  the  much 
heavier  precipitation  at  the  mountain  tops. 

BaiitfaU  recordsy  CoUort,  Col. 


Year. 


July.  AvLg. ;  Sept.    Oct.  ■  Nov. 


Dec.  '  Jan.    Feb.    Mar. 


I 


Apr.  j  May. 


1877 

1877-78. . . 
1878-79. . . 
1871MW. . . 
1880-81... 
1881-82. . . 
1882-^. . . 
1883-84... 
1884-85. . . 
IMK-S-W. . , 
1886-87... 
1887-88... 
1888-89. . . 
1889-90... 
1890-91... 
1891-92... 
189J-93. . . 
1893-94... 
1894-95. . . 
1895-96... 
1896-97... 
1897-98... 
1898-99. . . 
1899-1900. 
1900-1901. 
1901-2.... 
1902-3.... 
1903-4.... 


I 


0.00 

0.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.60 

.00 

.00 

.00 

.00 

.25 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

T. 

.00 

.06 

.00 

.00 

.00 

.00 

.30 

.00 

.00 

.00 

.00 

.00 

.00 

.10 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

0.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.04 
.67 
.00 
.00 
.00 
.45 
.00 

(.06) 
.00 
.00 
.00 
T. 
.00 
.00 
.00 


0.07 
.24 
.13 
.13 
.28 
.50 
.60 
.25 
.00 
.00 
.00 
.00 

1.59 
.00 
.00 

(.48) 

1.18 
.15 
.00 

2.28 

2.20 

T. 

.00 

.32 

1.18  j 
.15  j 
.00 


0.35 
.30 

1.15 
.27 
.38 
.19 
.00 
.12 

1.92 
.«0 
.70 

2.37 

1.26 
.19 
.00 
.90 
.22 
.00 

1.16 
.94 

(.66) 
T. 

1.9(i 

6.47 
.23 
.97 
.00 


1.93 

1.68 

2.49 

2.37 

.00 

.30 

2.23 

3.93 

.52 

.00 

.80 

3.26 

7.41 

2.45 

.87 

1.45 

1.9:$ 

6.70 

.00 

1.11 

.3l» 

.45 

.65 

.00 

.00 

1.66 

.00 


1.64 
1.94 
1.79 

.  99 

.74 
2.23 

.62 
1.00 
1.00 
2.78 

.21 
4.89 

.86 
2.»4 

.00 
2.27 
2.40 

.2t) 
6.88 
1.10 
3.52 
1.48 
1.57 
1.06 
3.44 

.70 
1.42 

.00 


T. 

5.16 

.74 

.76 

.90 

1.28 

l.?2 

11.38 

.00 

.40 

3.64 

.42 

.88 

1.15 

6.48 

3.36 

2.91 

.55 

1.01 

.00 

3.96 

.23 

.45 

.00 

4.28 

2.77 

1.60 

1.60 


1.72 
1.38 

.03 
1.05 
1.39 
1.51 
1.00 
4.&5 

.00 
3.54 

.00 
3.68 
4.47 

.25 

.80 

6.64 

2.00 

2.94 

2.91 

2.70 

.80 

1.55 

.95 

.08 

3.07 

5. 51 

4.40 


1.00 

2.99 

1.75 

2.19 

.28 

1.08 

.45 

2.85 

2.08 

.50 

1.94 

.43 

1.02 

.00 

.80 

.24 

.16 

.10 

1.08 

.25 

.00 

.10 

.00 

1.59 

.00 

2.56 

4.37 

.82 


June. 


:  Run 

faJifor 


l.!i8 

.71 

.10 

.00  I 

.00  ' 

.00 

.75  ■ 
2.90 

.22 

.00 

T. 

.00 

.60 

.00 

.90 
1.44 

.00 

.50 
1.05 

.38 

.15 

.34 

.00 

1.00  . 

.00 

.00 

T. 


0.00 
.00 

.00 
.00 
.50 
.00 
.32 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.85 
.00  , 
T, 

.00  \ 
.00 
.00 
.00  , 


^« 

7* 
i"  C 

z.< 

.« ^f 

6.  \' 

10.  t: 

14.*? 

::  ^' 

l^*  14 
f  ^<• 

1'.'  J=. 

.A    SI 

15,  *u 

r>.i: 

I.W 
IV.M? 

Ir  w 


Average,  27  seamnn.  10.63  inches. 

The  practical  effect  of  the  low.  rainfall  over  the  valley  lands  i.s  that 
only  tho.se  crop.s  which  ^row  rapidly  and  mature  (|uickly  can  be  rai^^-'l 
successfully  without  irrigation.  Barley  and  oats  for  ha}'  and  gmin  an* 
the  principal  crops  successfully  cultivated,  and  during  unusually  dry 
periods  the  grain  may  fail  to  mature  and  even  the  hay  prove  onlr  a 
partial  crop.  Some  vineyards  in  the  sand\'  lands,  an  occasional  sniall 
grove  of  olive  trees,  and  a  few  apricots  are  also  cultivated  without 
the  artificial  application  of  water,  but  much  the  greater  portion  of  the 
acreage  cultivated,  and  all  of  the  more  valuable  lands,  are  under 
irrigation. 
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Hainfail  records^  Redlandfiy  Col. 


Year. 


1889 

1889-90... 

1890-91... 

1891-92... 

1892-08... 

189S-94... 

1894-95... 

189&-96... 

1886-97... 

1897-98... 

1898—99.  • . 

1899-1900. 

1900-1901. 

1901-2.... 

1902-3.... 

1908-4.... 


July.  Aug.  Sept 


0.00 

.00  I 

I 


0.28 
2.16 


.00 

1.63 

1     .00 

.00 

.21 

.00 

.00 

.09 

.00 

.00 

.01 

.00 

.06 

.00 

.10 

.00 

.00 

.04 

.04 

.00 

.00 

.00 

.07 

.00 

.00 

.21 

0.31 
.88 
.97 
.03 
.  69 
.17 
.00 
.00 
.83 
-.00 
.05 
.50 
.00 
.00 
.54 


Oct. 


1.50 
.29 
.00 
.00 
.96 
.07 
.08 
1.72 
2.38 
.04 
.65 
.53 
.92 
.06 
.06 


I 


Jan. 


0.62 

.00 

.00 

.63 

.60 

.00 

2.06 

2.07 

.16 

.22 

1.28 

8.88 

.09 

1.40 

.00 


13.72 

3.02 

1.51 

1.58 

3.46 

7.38 

.52 

1.87 

.70 

.62 

.46 

.00 

T. 

1.50 

.00 


0.68 
4.69 
.00 
.87 
3.02 
1.43 
8.66 
1.52 
5.11 
1.96 
1.92 
1.20 
2.25 
1.64 
1.16 
.29 


Feb. 

Mar. 

Apr. 

1.47 

5.70 

0.99 

3.06 

.89 

.16 

9.28 

1.19 

.91 

4.37 

2.06 

.13 

3.98 

7.22 

.26 

1.04 

1.01 

.25 

1.80 

3.29 

1.37 

.24 

3.96 

.01 

5.88 

8.00 

.14 

.79 

.99 

.31 

.71 

1.50 

.08 

T. 

.78 

2.03 

3.79 

.46 

T. 

2.58 

2.82 

.36 

1.41 

5.86 

3.88 

1.50 

4.55 

.82 

May.  Jane. 


Rain- 
jfall  for 
■  nea- 

son. 


0.58 

0.00 

9.42 

.68 

.00 

25.78 

1.10 

.23 

19.06 

.00 

.00 

11.54 

.00 

.00 

16.67 

.64 

.00 

10.18 

.57 

.00 

22.90 

1.14 

.06 

7.61 

.63 

.00 

21.88 

2.16 

.00 

10.33 

.24 

.87 

6.30 

1.41 

.00 

7.90 

1.62 

.04 

13.11 

.06 

.31 

8.80 

.48 

.00 

15.82 

.48 

.00 

8.45 



Average,  leseanons,  13.48  Inches. 

This  very  condition  of  aridity  is  not  without  compensating  advan- 
tages. It  is  recognized  by  soil  experts  everywhere  that  arid  lands  are 
generally  fertile.  Abundant  rainfall  leaches  the  soils  of  certain  val- 
uable soluble  fertilizing  elements.  Jnthe  arid  regions  these  soluble 
elements  are  retained  in  the  soils,  which  are  correspondingly  pro- 
ductive. Aridity  also  means  a  large  proportion  of  bright,  clear  days, 
and  therefore,  where  water  can  be  artifically  applied  to  the  soils,  the 
b<\st  of  growing  conditions.  The  bench  lands  about  San  Bernardino 
Valley  combine  these  advantages.  Their  soils  are  fertile,  warm  and 
equable  as  to  temperature,  free  from  alkalinity,  and  where  water  has 
been  applied  to  them  have  become  among  the  most  valuable  agricul- 
tural lands  in  the  United  States.  Citrus  fruits  of  the  better  varieties 
are  cultivated  upon  them,  practically  to  the  exclusion  of  other  crops. 
IRR  142—05 2 


18 


HYDROLOGY    OF   SAN    BERNARDINO    VALLEY, 


[i«n.:c. 


Rainfall  records,  San  Bernardino,  Cal. 


Year. 

July. 

0.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.07 
.11 
.00 
.00 
.00 
.19 
.00 
.00 
.00 
.11 
.00 
.17 
.13 
.<» 
.00 
.20 
.00 
.00 
T. 
T. 
.00 
.00 
.34 
.00 
.01 
.00 

.  15.0(5 

Aug. 

Sept. 

0.02 
.13 
.04 
.02 
.06 
.00 
.00 
.00 
.02 
.01 
.00 
.00 
.00 
.63 
.00 
.00 
.00 
.09 
.00 
.11 
.88 
.93 
.00 
.05 
.37 
.00 
.00 
.13 
.00 
.01 
.23 
.07 
.00 
.46 

1. 

Oct. 

Nov. 

Dec. 

Jan. 

6.91 
.00 
6.60 
6.51 
7.20 

Feb. 

2.21 
2.20 
1.25 
8.76 
.15 

Mar. 

Apr. 

Mat. 

0.11 

.06 

.21 

.42 

.06 

.08 

.30 

.66 

.24 

.04 

.01 

.00 

.00 

3.17 

1.69 

.32 

.42 

..52  I 

l.IS 

.31 

1.67  1 

2.10 

.a) 

.56 
.44 

1.00 

.11 
l.OS 

.19 
1.71 
1.23 

.12 

.24 

.16 

Jone. 

'Rai3 

1870-71 

0.00 
.04 
.18 

1.06 
.00 
.00 
.00 
.00 
.00 
.02 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.04 
.00 
.63 

2.16 
.91 
.00 
.00 
.16 
.00 
.17 
.00 
.00 
T. 
.00 
•27 
.00 
.15 

inohe? 

0.09 
.60 
.00 
.01 

1.82 
.00 
.20 
.86 
.14 
.94 
.14 
.80 
.10 
.85 
.00 
.39 
.00 

1.17 

.a5 

2,30 
.68 
T. 
.16 

1.05 
.15 
.00 

2,10 

2.10 
.«. 
.81 
.36 

1.09 
.09 
.07 

3.11 

.88 

1.17 

.74 

1.88 

7.60 

.40 

.60 

.05 

3.40 

.67 

.27 

.15 

.09 

.11 

4.36 

.11 

2.29 

4.12 

2. -23 

1.27 

T. 

1.02 

.30 

.00 

1.14 

.98 

.21 

.05 

1.47 

6.10 

.28 

1.94 

.00 

0.89 

3.91 

4.40 

5.73 

2.20 

.02 

.00 

3.95 

4.70 

6.50 

8.80 

.50 

.45 

2.6:^ 

3.75 

1.'20 

.61 

1,91 

4.M 

10.85 

3,02 

1.67 

2. -23 

2.28 

7.25 

.66 

1.09 

.57 

.44 

.84 

.00 

.04 

1.94 

.00 

0.19 
.37 
.61 

1.08 
.22 

3.41 
.83 

2.67 
.50 

0.34 

.79 

.84 

.48 

.07 

.44 

.26 

1.71 

1.20 

6.00 

.46 

2.91 

2.95 

6.68 

1.89 

2.36 

1.90 

.58 

2.05 

.00 

..53 

.37 

.48 

.40 

.64 

.37 

.08 

.48 

.07 

1.96 

.56 

.57 

3.10  , 

.80 

0.0? 
.00 
.00 
.00 
.00 
.OB 
.00 
.07 
.08 
.00 
.00 
.00 
.00 
..*i9 
.19 
.16 

.US 
.00 
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The  average  seasonal  rainfall  at  San  Bernardino  for  thirtj'-four 
years  is  15.06  inches.  It  is estin?ated  by  meteorologists''  that  a  rec-ord 
which  has  been  kept  for  thirty -five  years  gives  an  average  that  is 
within  2  per  cent  of  the  correct  final  average,  so  that  for  practical 
purposes  it  may  be  assumed  that  this  San  Bernardino  average  is  final. 
It  is  interesting  to  note  that  the  average  for  the  last  eleven  seasons, 
beginning  with  that  of  lSJ)8-94.  has  been  Imt  12.15  inches,  nearly  2<' 
per  cent  less  than  the  general  average,  while  for  the  ten  preceding 
seasons  the  average  was  20. 1 1  inch(\s,  or  more  than  iiH^  per  cent  alxive 
the  general  average.     The  fact  that  the  last  decade  has  !)een  one  of 


"Blnnie,  Alexander  R.,  The  mean  or  average  rainfall  and  the  fluetuationR  to  whieh  it  is  snibjetM; 
Proc.  Inst.  Civ.  Eng.,  vol.  109. 1892,  pp.  89-172. 
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>^v  rainfall  in  very  generally  recognized,  but  it  ie  not  hy  any  means 
:>  clearly  understood  that  the  preceding  decade,  with  which  the  last 
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is  usually  compared,  was  one  of  great  exfess.     This  decade  includes 
the  phenomenal  seaaon  of  1883-84,  with  a  precipitation  of  37.5  inchits, 
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12  incbet)  more  than  that  of  any  other  season  in  the  thirty-four 
years,  and  probably  much  the  wettest  winter  in  a  half  century.     Th^ 

driest  season  in  the  record  is  that  of  1898-99,  with  a  rainfall  of  7.4^ 
inches,  only  half  of  the  average,  and  the  driest  group  of  three  years 
is  that  ending  with  the  winter  of  1899-1900,  with  an  avei^age  of  8.1r 
inches. 

It  is  also  perhaps  not  clearly  understood  that  in  countries  of  low 
rainfall  there  will  be  more  seasons  below  the  average  than  above  it 
The  less  the  average  rainfall  the  greater  this  preponderance  of  dry 
seasons.  With  an  average  of  15  inches,  as  at  San  Bernardino,  tbe 
preponderance  is  not  great,  there  having  been  eighteen  seasons  below 
and  sixteen  above  during  the  last  thirty-four  years.  At  San  Diecj^'. 
with  an  average  of  about  9.5  inches,  there  have  been  twenty-nine  >ej.- 
sons  below  this  average  and  twenty-five  above  it  during  the  last  tifty- 
four  winters.  This  condition  arises  from  the  fact  that  where  the 
rainfall  is  low  the  occasional  very  wet  winter  gives  an  excess  of  prp- 
cipitation  equal  to  or  even  more  than  the  whole  amount  of  the  aver- 
age, while  there  are  no  seasons  with  an  equally  great  deficiency;  hence 
more  than  one  winter  of  minimum  rainfall  is  required  to  balan('e 
a  winter  of  maximum.  To  illustrate,  during  the  season  of  ISS^^M 
37.51  inches  fell  at  San  Bernardino.  The  lowest  rainfall  of  which  we 
have  record  is  that  of  the  winter  of  1898-99,  with  a  precipitation  nf 
7.49  inches.  The  first  was  22.45  inches  above  the  average,  the  other 
but  7.57  inches  below,  so  that  nearly  three  years  of  this  minimum 
would  have  to  be  combined  with  one  of  the  maximum  to  give  the 
average.  There  can  not  be  a  deficiency  of  more  than  15.06  inches, 
while  there  is  no  limit  mathematically  to  the  excess. 

SOIIiS. 

The  soils  of  the  upper  part  of  the  valley  of  southern  California  may, 
for  convenience  of  discussion,  be  classed  as  indigenous  and  introduced. 
By  the  former  are  meant  those  which  are  due  to  the  decay  of  the 
underlying  or  immediately  adjacent  rock  masses;  by  the  latter,  thost* 
which  have  been  brought  by  stream  action  from  some  distant  souam*. 

In  the  ultimate  analysis  nearly  all  valley  soils  belong  to  the  latter 
class,  since  rocks  of  sedimentary  origin  themselves  represent  material 
which  was  transported  at  an  earlier  tinae  from  some  more  or  less  dis- 
tant point.  But  for  our  purpose  the  origin  will  not  be  traced  so  far 
back.  If  the  soil  is  derived  from  an  underlying  or  adjacent  rock 
mass  it  is  classed  as  indigenous,  whether  that  mass  is  a  late  sediment 
or  not. 

The  soils  of  the  valley  bottoms  belong  in  all  cases  to  the  derived 
type.     They  are  the  immediate  products  of  the  erosional  activity  of 
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tlie  streams,  which  with  the  uplifting  of  the  mountain  masses  began 
tho  work  of  canyon  cutting,  depositing  the  *  material  which  they 
removed  in  this  process  over  the  lowlands  beyond  the  canyon  mouth. 
'Xhe  gravels  and  soil,  then,  in  the  alluvial  fan  built  about  the  mouth 
of  any  canyon,  represent  onh^  the  rocks  that  are  found  within  the 
cii*a.inage  basin  of  the  stream  which  flows  from  it.  In  the  lower  area 
about  the  junction  of  two  fans  the  rock  types  of  each  are  mingled,  and 
well  out  near  the  center  of  the  valley,  where  the  various  tributaries 
join,  there  will  be  a  type  due  to  a  mixture  of  all  the  contributing 
varieties. 

The  soil-producing  materials  yielded  by  the  canyon  of  the  Santa 
A.na  are  largely  derived  from  the  dioritic  rocks  which  outcrop  almost 
exclusivel}^  in  its  basin.  Mill  Creek,  in  addition  to  dioritic  and 
schistose  rocks,  yields  a  noticeable  percentage  of  sandstone.  Farther 
west  schistose  and  gneissoid  elements  are  contributed  by  Plunge  Creek, 
Oity  Creek,  and  East  and  West  Twin  creeks,  while  from  the  lower 
part  of  Devil  and  Badger  canyons  there  is  a  considerable  addition  of 
limestone  and  marble. 

Lytle  Creek,  which,  because  of  its  relatively  large  and  constant  flow, 
ba^  built  out  a  big  alluvial  fan  at  the  south  base  of  the  San  Antonio 
Mountains,  flows  throughout  its  course  through  schistose  rocks,  and 
bowlders  of  these  are  numerous  in  its  wash. 

San  Timoteo  Canyon  is  cut  in  gravels  and  clays  from  Beaumont 
down  to  Redlands  Junction.  It  has  carried  into  the  lower  valley  com- 
paratively little  material,  and  that  little  is  line  in  comparison  with  the 
d<?bris  of  the  great  fans  in  front  of  the  mountain  canyons,  although  it 
contains  bowlders  and  gravels  derived  from  the  older  gravel  beds 
which  outcrop  on  either  side  of  the  canyon. 

This  alluvial  material,  which  forms  the  greater  part  of  the  floor  of 
the  present  valley,  is  ver}^  coarse  and  absolutely  untillable  about  the 
mouths  of  the  large  canyons,  where  the  lands  ai*e  in  the  original  desert 
condition.  The  vineyards  about  Grapeland  are  planted  on  the  rather 
coarse  upper  slopes  of  the  Lytle  Creek  fan,  while  the  Rialto  citrus 
groves  are  on  a  lower,  finer  portion  of  the  same  feature.  The  low 
bench  which  lies  north  of  Redlands  and  extends  west  from  Mentone 
nearly  to  Colton  is  of  coarse  gmvel  near  its  upper  portion;  fine  gravel 
and  sand,  on  which  excellent  crops  of  grapes  are  produced,  midwa}^; 
and  sandy  clay  and  loam  farther  down,  in  the  vicinit}^  of  Idlewild. 
One  group  of  low  sand  dunes  has  formed  north  and  west  of  Slover 
Mountain.  These  generally  are  untilled,  although,  since  they  are  low 
and  no  longer  in  motion,  it  is  probable  that  they  could  be  successfully 
cultivated  if  sufficient  water  were  available. 

Clays  which  are  often  sandy  lie  in  the  central  part  of  the  vallev 
in  the  artesian  belt,  where  they  are  sometimes  mixed  with  vegetable 
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mold.  They  represent  the  lowest  and  finest  phase  of  the  alluTial-faD 
deposits  laid  down  just  back  of  the  dam  formed  by  the  Bunker  Hill 
ridge. 

Thus  it  is  seen  that  the  introduced  soils  exhibit  ^reat  variety  in  tox 
ture  and  a  less  marked  variation  in  composition,  the  latter  variant 
depending  upon  the  origfin  of  the  material  in  one  or  the  other  portiou> 
of  the  surrounding  mountains  and  the  later  admixture  of  vegetahlf 
matter,  while  the  former  depends  largely  upon  the  distance  of  the 
soil  particles  f  i*om  their  source. 

The  mesa  soils  exhibit  somewhat  less  marked  differences.  Over  the 
high  lands  south  and  east  of  Riverside  they  are  derived  largely  from 
the  underlying  and  adjacent  diorites,  so  that  here  they  have  many  of 
the  characteristics  of  a  granitic  sand.  Generally  they  are  coarser 
along  the  easterly  higher  parts  of  this  mesa  and  finer  in  the  lower 
parts  nearer  Arlington.  Since  that  part  of  the  mesa  which  lies  north 
of  Terquisquito  Arroyo  and  extends  through  the  east  Riverside  dis- 
trict to  the  bluff  above  Santa  Ana  River  is  built  up  of  gravels  and 
alluvium,  instead  of  being  floored  by  the  massive  diorites  of  the  region 
farther  south,  the  soil  is  freer  from  grit  than  in  the  latter  locality, 
being,  indeed,  a  rich  loam  over  much  of  the  area. 

The  soil  of  the  Redlands  bench,  including  Smiley  Heights,  RedlaDd> 
Heights,  and  the  slope  south  of  Grafton,  is  a  clay  or  loam,  sometime^ 
gravelly,  derived  from  the  weathering  of  an  old  alluvium,  which, 
except  in  its  distribution  and  probable  extent,  is  not  unlike  that  which 
the  rivers  are  depositing  in  the  great  debris  cones  to-day.  Its  mateml 
is  somewhat  finer,  clay  predominates  to  a  greater  degree,  and  the  old 
weathered  red  surfaces  testify  to  slower  deposition,  or  perhaps  to 
longer  exposure  to  atmospheric  agencies  before  depositiqn. 

The  Highlands  and  East  Highlands  benches  and  that  lying  between 
the  Mill  Creek -and  Santa  Ana  can vons  furnish  similar  soils  derived 
from  the  old  alluvial-fan  material.  That,  like  the  modern  alluvium, 
is  somewhat  coarser  next  to  the  mountains  and  near  the  mouths  of  the 
greater  canyons.  But  even  where  coarse  it  contains  a  notable  admix- 
ture of  clay,  which  furnishes  a  basis  for  a  fertile  soil. 

The  most  absorptive  soils  extensively  cultivated  are  probably  the 
sands  of  the  low  river  terraces  north  and  northeast  of  Redlands,  and 
perhaps  those  least  absorptive  are  the  clays  of  the  bottom  lands  about 
San  Bernardino.  Absorptive  capacity  depends,  among  other  things, 
upon  the  coarseness  of  the  soil  particles,  or,  as  it  has  been  well 
expressed,  upon  the  "effective  size  of  grain."  Hence  the  clay  wd 
loam  soils,  whether  upon  the  mesa  lands  or  in  the  bottoms,  require 
much  less  water  for  irrigation  than  the  more  open  sands  and  gravelly 
soils.  Another  element  which  is  of  the  utmost  importance  in  deter- 
mining the  amount  of  water  that  must  be  applied  in  order  to  mature 
crops  is  the  character  of  the  subsoil.      If  this  is  coarse  and  open, 
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readily  draining  the  water  from  the  cultivated  surface,  the  waters 
brought  for  irrigation  may  quickly  pass  down  out  of  reach  of  the 
plant  roots.  On  the  other  hand,  a  compact  and  impervious  haixlpan 
holds  the  waters  until  they  arc  absorbed  by  the  plants.  If  bed  rock 
lies  just  under  the  soil  it  may  serve  the  same  purpose.  An  excellent 
example  of  the  effect  of  this  latter  relation  is  to  be  found  near  the 
eastern  end  of  the  Jurupa  Mountains.  The  road  from  Bloomington 
to  West  Riverside  runs  through  a  wide  valley  separating  an  eastern 
outlier  of  this  group  from  the  main  mass.  The  soils  within  this  valle}^ 
are  a  result  of  the  decay  in  place  of  the  diorites  and  schists  of  the  hills. 
They  are  not  of  great  depth  and  the  massive  and  almost  impervious 
rock  is  just  beneath  them.  A  small  apricot  orchard  has  been  planted 
in  the  north  end  of  this  pass,  about  2i  miles  southwest  of  Bloomington, 
and  although  not  irrigated  it  is  in  a  flourishing  condition  and  yields 
abundant  crops.  The  orchard  is  3"oung  and  has  been  in  bearing  prac- 
tically only  during  the  years  of  light  rainfall,  which  began  with  the 
winter  of  1897-98.  The  explanation,  it  is  believed,  is  to  be  sought  in 
the  fact  that  the  impervious  bed  rock  at  this  point  is  so  near  the  sur- 
face. The  water  which  accumulates  through  winter  rainfall  seeps 
very  slowly  over  this  gently  sloping  floor,  and  the  slight  spring  and 
.summer  seepage  from  the  surrounding  hills  and  slopes  is  also  held 
here  within  reach  of  the  plant  roots  until  the  crop  is  matured.  In 
less  favorable  localities  apricots  require  irrigation,  or  without  it  are 
uncertain  in  yield. 

WATER  SUPPIiY. 

The  ultimate  source  of  all  the  water  to  be  found  in  San  Bernardino 
Valley  is  the  rainfall  within  the  drainage  basins  tributary  to  it.  This 
statement  needs  to  be  clearly  made  at  the  beginning  of  any  discussion, 
because  it  is  constantly  stated  that  some  remote  point,  like  Colorado 
River,  or  even  the  Pacific  Ocean,  may,  by  a  process  never  clearly 
explained,  supply  the  bountiful  waters  found  in  the  San  Bernardino 
cienaga.  Aside  from  the  inherent  impossibility  of  such  waters  rising 
above  their  sources,  or  being  filtered  free  of  salt  in  the  case  of  the 
Pacific,  it  is  to  be  remembered  that  the  intervening  hills  and  moun- 
tains are  much  more  effective  and  impenetrable  dams  than  any  built 
by  man.  The  fissures  within  them  are  not  extensive,  and  the  great 
faults  which  mark  the  more  important  passes  through  them  are  so 
sealed  by  the  pressures  that  accompanied  their  formation  as  to  be 
nearly,  if  not  quite,  as  impervious  as  the  unbroken  rock. 

EFFECT  OF   FORESTS. 

The  precipitation  which  is  the  source  of  all  the  water  falls  almost 
exclusively  in  the  winter  months,  from  November  to  April,  inclusive. 
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Practically  all  of  that  which  fall^  upon  the  flat  and  porous  valle}'  land.> 
is  absorbed  immediately  or  returns  to  the  air  at  once  by  evaporatiou. 
Of  the  greater  amount  which  falls  upon  the  mountain  slopes,  a  lar^ 
proportion  is  absorbed  by  the  soil  and  humus  where  veg-etation  ha^ 
not  been  destroyed  by  fire  and  the  unprotected  soil  swept  from  the 
bare  rocks  by  succeeding  storms.  This  moisture,  taken  up  by  the 
vegetable  mold,  the  soil,  and  the  rock  ddbris,  is  released  slowly  during 
the  succeeding  months  and  is  the  source  of  the  important  suuimer  flow 
of  the  mountain  streams.  The  denser  the  vegetable  growth  and  the 
thicker  the  soil  cover  on  the  mountain  slopes  the  more  eflfective  th^ 
direct  storage  of  the  winter  rains  and  the  more  uniform  the  stream 
flow  during  the  summer  months.  These  facts  are  brought  out  h\ 
some  measurements  made  for  the  Bureau  of  Forestry  in  the  San  Ber- 
nardino Mountains  in  1891)  and  published  in  a  paper  by  J.  W.  Toumey. 
entitled  "The  Relation  of  Forests  to  Stream  Flow."  The  following 
extract  contains  the  essence  of  the  paper: 

In  a  careful  study  of  the  behavior  of  the  stream  flow  on  several  small  catch  meet 

areas  in  the  San  Bernardino  Mountains  it  has  been  found  that  the  effect  of  the  fore^ 

in  decreasing  surface  flow  on  small  catchment  basins  is  enormous,  as  shown  in  the 

following  tables,  where  three  w^ell-timbered  areas  are  compared  with  a  noDtimbereii 

one: 

PrecipitcUion  and  run-off  during  December^  1899. 
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Condition  as  to  cover. 


Forested  . . . 

Do  .... 
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Area  of 

catchment 

basin. 


89.  miln. 
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1.47 
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Precipita-  '  Run-off  i>er 
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19+ 
194- 

13- 


Acre-feet. 

36- 

73+ 

70- 

312-h 


Run-off  is 

ftercentiigt 

of  precli* 

tatJoo. 


I^cffU. 


3 
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At  the  beginning  of  this  rainy  season,  in  eai*ly  December,  the  soil  on  all  foar  of 
these  basins  was  very  dry  as  a  result  of  the  long  dry  season.  The  accumulation  of 
litter,  duff,  humuH,  and  soil  on  the  forest-covered  catchment  areas  absorbed  95  per 
cent  of  the  unusually  large  precipitation.  On  the  nonforested  area  only  60  per  cent 
of  the  precipitation  was  absorbed,  although  the  rainfall  was  much  leas. 

Rain  fall  ami  run-off  during  January  ^  February,  and  March,  19O0. 
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The  most  Ktrikiug  feature  of  this  table,  as  compared  with  the  previous  one,  is  the 
uniformly  large  run-off  as  compared  with  the  rainfall.  This  clearly  shows  the 
enormous  amount  of  water  taken  up  by  a  dry  soil,  either  forested  or  nonforested,  as 
compared  with  one  already  nearly  filled  to  saturation.  During  the  three  months 
here  noted  on  the  forested  basins  about  three-eighths  of  the  rainfall  appeared  in  the 
run-off,  while  on  the  nonforested  area  nineteen-twentieths  appeared  in  the  run-off. 

Rapidity  of  decrease  in  run-off  after  the  dose  of  the  rainy  season. 


Condition  b8  to  cover. 


Area  of 

catchment 

basin. 


Forested . . . 

Do.... 

Do.... 
Nonforested 


Sq.  miles. 

0.70 

1.05 

1.47 

.53 


Precipita- 
tion. 


April  nin-oflf  Mayrun-ofT 
;  per  square     per  square 


mi 


squH 
lile. 


I 


sqi 
lilt 


mile 


June  run-off 
per  .square 


mi 


.squa 
lile. 


Inches. 
1.6 
1.6 
1.6 
1 


Acre-feet. 

153- 

146- 

166-f 

56+ 


Acre-feet. 

66- 

70- 

74- 

2- 


Acre-feet. 

25- 

30- 

30+ 

0 


The  above  table  clearly  shows  the  importance  of  forest  in  sustaining  the  flow  of 
mountain  streams.  The  three  forested  catchment  areas,  which  during  December 
experienced  a  run-off  of  but  5  per  cent  of  the  heavy  precipitation  for  that  month 
and  which  during  January,  February,  and  March  of  the  following  year  had  a  run- 
off of  approximately  37  per  cent  of  the  total  precipitation,  experienced  a  well- 
sustained  stream  flow  three  months  after  the  close  of  the  rainv  season.  The  non- 
forested  catchment  areas,  which  during  December  experienced  a  run-off  of  40  per 
cent  of  the  rainfall  and  which  during  the  three  following  months  had  a  run-off  of 
95  per  cent  of  the  precipitation,  experienced  a  run-off  in  April  (per  square  mile)  of 
less  than  one-third  of  that  from  the  forested  catchment  areas,  and  in  June  the  flow 
from  the  nonforested  area  had  ceased  altogether. 

In  view  of  these  facts,  which  illustrate  conditions  of  wide  applica- 
tion, no  policy  can  be  conceived  which  would  be  more  suicidal  than 
one  which  would  permit  the  stripping  of  forests  or  the  destruction 
of  these  or  the  chaparral  by  fires.  The  immediate  and  direct  result 
would  be  the  washing  awa}'  of  the  earth  and  humus  by  the  first  winter 
rains,  and  thereafter  destructive  floods  in  winter  and  dry  stream  beds 
in  summer.  The  opposite  policy — that  of  preserving  and  extending 
the  forest  and  brush  cover — may  be  expected  to  tend  slowly,  and  almost 
imperceptibly  perhaps,  but  none  the  less  surely,  toward  an  equaliza- 
tion of  the  summer  and  winter  flow  of  the  mountain  streams.  No  pub- 
lic work  is  deserving  of  fuller  support  and  more  hearty  cooperation 
on  the  part  of  the  citizens  of  southern  California  than  this  of  conserva- 
tion of  the  existing  plant  growth  and  of  forest  extension.  It  is  one  of 
the  curious  anomalies  of  human  nature,  but  one  to  which  Department 
workers  are  well  used,  that  those  who  have  had  the  work  of  forest 
preservation  in  hand  have  often  had  to  meet  bitter  opposition  from  the 
very  citizens  whose  vital  interests  they  were  at  the  time  protecting. 

Before  the  advent  of  man  in  San  Bernardino  Valley  all  the  waters 
of  the  mountain  streams,  except  during  periods  of  exceptional  flood, 
^/lomptly  sank  when  they   reached  the  coarse  debris  cones   at   the 
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mouths  of  their  canyons  and  continued  their  journey  seaward  through 
the  porous  sands  and  gravels  with  which  the  valleys  are  filled.  They 
rose  to  the  surface  again  only  when  in  their  underground  pa^^sage  thev 
reached  some  impervious  obstacle  like  the  Bunker  Hill  dike  alxivr 
C/olton,  or  the  bed-rock  obstructions  at  Riverside  Narrows  and  in  tli*' 
lower  canyon  of  the  Santa  Ana. 

The  developments  of  the  last  tif t}'  years,  however,  and  e^^pecially  of 
the  last  thirty,  have  resulted  in  the  appropriation  of  prat^tically  all  of 
the  normal  flow  of  these  streams  for  purposes  of  irrigation.  Much 
the  greater  part  of  this  diverted  stream  water  is  returned  to  the  land 
within  the  valley  in  the  process  of  irrigation,  but  when  thus  used  and 
spread  out  over  a  large  acreage  of  relatively  fine  soil  a  very  much 
larger  proportion  evaporates  directly  than  when  the  water  entered  the 
coarse  gravels  at  the  mouths  of  canyons  previous  to  its  diversion;  and 
another  important  percentage  is  absorbed  by  the  growing  plants  and 
is  transpired  through  them  into  the  air. 

RETURN   WATERS. 

The  percentage  of  irrigation  water  which  returns  to  the  underground 
reservoirs  must  vary  greatly  in  different  localities  and  with  varying 
soils  and  irrigation  customs.  The  sandy  soils  of  some  of  the  bottom 
lands  are  so  loose  that  the  water  percolates  rapidly  through  them  and 
much  of  it  is  beyond  the  reach  of  the  plant  roots  before  it  can  U- 
absorbed.  In  the  finer  loam  and  clay  soils,  especially  those  underlain 
by  an  impervious  hardpan  which  checks  the  escape  downward  of  irri- 
gation water,  probably  but  a  small  percentage  avoids  evaporation  and 
absorption  and  so  returns  to  the  ground  water.  This  will  be  especially 
true  where  the  better  irrigation  methods  are  practiced  and  no  more 
water  is  put  upon  the  soil  than  is  needed. 

In  view  of  these  variable  and  uncertain  elements  which  enter  into 
the  problem,  it  becomes  impossible  to  estimate  with  accuracy  the  pro- 
portion of  diverted  stream  water  which  again  becomes  available  for 
use  as  return  water  from  irrigation.  It  can  only  be  said  that  the  per- 
centage must  vary  within  wide  limits,  perhaps  such  wide  limits  as  5 
and  50  per  cent,  and  that  with  improvements  in  irrigation  pra<*tice  it 
will  become  constantly  less.  Nevertheless,  in  certain  favorable  situa- 
tions, it  seems  to  be  of  considerable  importance,  and  may  result  in 
changing  an  arid  section  to  one  with  an  abundant  or  even  a  super- 
abundant supply.  Thus,  in  the  western  and  lower  part  of  the  River- 
side colony,  within  a  restricted  area,  ground  watei's  have  increa^d 
during  years  past  until  bogs  have  formed  and  drainage  ditches  have 
become  necessary.  Fifty  second-feet  of  water  are  constantly  applied 
in  irrigation  to  the  higher  lauds  which  drain  in  this  direction,  and  in 
the  past,  and  to  a  less  marked  extent  at  present,  there  has  been  over- 
irrigation  in  a  part  of  the  area. 
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Santa  Ana  River,  between  the  intake  of  the  lower  Riverside  canal 
and  the  Auburndale  Bridge,  ha8  been  increasing  in  volume  since 
measurementH  were  first  made  in  1888.  The  following  table  indicates 
the  extent  of  the  increase  between  Riverside  Narrows  and  the  Auburn- 
dale  Bridge,  but  as  practically  all  of  the  water  flowing  at  the  first 
point  rises  below  the  intake  of  the  lower  Rivemde  canal,  the  differ- 
ence between  the  earlier  and  the  later  measurements  there  is  also  to 
be  regarded  as  due  to  an  increase  in  the  volume  of  rising  ground 
waters. 

Diitcharge  mecuuremerUs  ofSarUa  Ana  River. 


Date. 


Point  of  measurement 


1888. 

July  16 

July  17 

Julvl7 

August  21 

August  22 

September  14 . . 
September  15  . . 

1889. 

August  13 

August  14 

September  27  . . 
September  28  . . 

1890. 

August  12 

August  13 

1891. 
September  9  . . . 
September  10  . . 

1892. 
September  10  . . 
September  11.. 

1899. 
September  9  . . . 
September  12 . . 

1900. 

July  27 

July  28 

1901. 

August  SO 

August  27 


Jurupa  or  Riverside  Narrows 
do 

Auburndale  Bridge 

Jurupa  or  Riverside  Narrows. 

Auburndale  Bridge 

Jurut>a  or  Riverside  Narrows. 
Auburndale  Bridge 


DiBcbarge. 


Jurupa  or  Riverside  Narrows. 

Auburndale  Bridge 

Jurupa  or  Riverside  Narrows. 
Auburndale  Bridge 


Jurupa  or  Riverside  Narrows. 
Auburndale  Bridge 


Jurupa  or  Riverside  Narrows. 
Auburndale  Bridge 


Jurupa  or  Riverside  Narrows. 
Auburndale  Bridge , 


Jurupa  or  Riverside  Narrows. 
Auburndale  Bridge 


Jurupa  or  Riverside  Narrows. 
Auburndale  Bridge 


Junipaor  Riverside  Narrows. 
Auburndale  Bridge 


Miner'9 
inches. 

Second-feet. 

505.0 

10.10 

525.0 

10.50 

728.5 

14.57 

425. 5 

8.51 

664.5 

13.29 

474.0 

9.48 

709.5 

14.19 

550.0 

11.00 

777.5 

15.55 

660.0 

11.20 

832.5 

16.65 

937.9 

18.76 

1, 112. 5 

22.25 

775.0 

15.50 

1,281.5 

25.63 

1, 469. 1 

29.38 

2,171.4 

43.43 

1,984.5 

39.69 

2,991.5 

59.83 

1,920.5 

38.41 

2, 722. 0 

54.45 

1, 698. 5 

33.87 

2,185.0 

43.70 

"  W    3.      ^-^t      - 
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SAN  BERNARDINO  ARTESIAN  AREA. 

About  1870  it  was  found  that  a  pipe  sunk  50  to  100  feet  into  the 
earth,  aajwhere  within  the  area  of  moist  lands  now  forming  the  well- 
known  Sftii  Bernardino  artesian  basin,  would  yield  flowing  water. 
During  the  succeeding  decade  many  wells  of  small  bore  were  sunk, 
ehiefl}'  for  domestic  purposes,  and  in  some  instances  the  water  was 
piped  through  dwellings,  the  artesian  pressure  being  quite  ample  in 
many  cases  to  force  it  wherever  needed  in  the  houses. 

The  rapid  development  of  the  valley  during  the  decade  from  1880  to 
1890,  coupled  with  the  fact  that  pi-acticall}'  all  surface  waters  had 
been  appropriated  by  that  time,  led  to  an  extensive  use  of  the  under- 
ground waters  of  the  artesian  belt  as  a  source  of  water  supply.  Dur- 
ing the  later  eighties  and  the  early  nineties  the  great  majority  of  the 
wells  of  the  Gage  ciinal  system  were  put  down,  and  the  Riverside 
Water  Company  considerably  augmented  its  supply  from  Warm  Creek 
and  the  Santa  Ana  by  sinking  a  number  of  deep  wells  within  the  arte- 
sian belt.  The  Lytle  Creek  cienaga  was  also  developed  as  a  source  of 
domestic  water  by  the  cities  of  San  Bernardino  and  Colton,  and  for 
irrigation  water  by  a  number  of  irrigation  districts. 

The  seemingly  unlimited  amount  available  in  the  great  cienaga,  and 
the  resistance  which  it  had  oflFered  previous  to  1897  to  the  drains  upon 
it  during  the  preceding  decade  of  rapid  development,  led  to  great  con- 
fidence in  it  and  gave  many  the  impression  that  as  a  source  of  water  it 
was  independent  of  seasonal  variations  in  precipitation,  of  diversions 
of  streams  tributary  to  the  valley,  or  of  drafts  upon  its  stored  supply. 
The  concurrence  of  the  series  of  years  of  low  rainfall,  beginning  with 
the  winter  of  1897-98,  with  the  gradually  increased  use  of  waters  devel- 
oped during  the  preceding  decade,  soon  produced  its  effect,  however, 
and  for  some  years  the  artesian  area  has  been  shrinking,  the  flow  of  wells 
within  it  diminishing,  and  the  water  plane  without  it  rapidly  falling. 
An  Increase  of  rainfall  at  once  affects  water  levels,  as  is  shown  by  the 
seasonal  increase  of  flow  from  artesian  wells  during  the  winter  and  the 
particularly  noticeable  rise  in  water  levels  after  the  winters  of  1900- 
1901  and  1902-3.  In  most  cases,  however,  these  improvements  in  con- 
ditions do  not  last  through  the  succeeding  dry  season  because  of  the 
heavy  drafts  now  being  made  upon  the  basin.  The  general  reduction 
in  flow  and  lowering  of  the  water  plane,  although  most  clearly  recog- 
nized during  the  dry  years  succeeding  1896-97,  had  been  noticeable 
earlier.  A  few  artesian  wells  are  reported  to  have  ceased  flowing  as 
early  as  1890  or  1891,  and  a  number  about  the  borders  of  the  basin 
had  ceased  before  1896. 

Before  considering  further  the  drafts  upon  the  artesian  supply  and 
their  probable  ultimate  effect  it  is  necessary  to  discuss  the  origin, 
outlines,  and  underground  conditions  of  the  artesian  basin,  since  its 
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Discharge  measuremefUs  of  Santa  Ana  River — Continue<l. 


Date. 


1902. 
October  10.,. 
September  2 . 

1903. 

AugQat25 

August  19..  J. 


Point  of  measurement. 


DiacfaaiKe. 


Miner's 

inches.         Second-feet. 

Jurapa  or  Riverside  Narrows I    2, 162. 5  43. 25 

Rineon  Bridge  a 3,750.0  " 


Jurupa  or  Riverside  Narrows 
Rincon  Bridge  « 


1 


2,035.0 
3,000.0 


74.90 

40.70 
60.00 


a  Meaflurementa  are  now  made  at  Rincon  wagon  bridge,  instead  of  at  Aubumdale  Bridge  as  form- 
erly. Measurements  made  at  these  two  points,  by  W.  B.  Clapp.  on  September  23, 1903.  indicate  thai 
the  flow  at  the  former  point  is  about  one-third  more  than  at  the  latter. 

This  rather  remarkable  increase  is  usually  attributed  to  return 
waters  from  irrigation  in  the  vicinity  of  Riverside,  Pomona,  and 
Ontario,  and  it  is  probable  that  the  greater  part  of  it  is  correctly 
assigned  to  this  cause,  but  there  is  another  possibility  which  deserves 
to  be  considered.  The  decade  of  excessive  rainfall  ending  in  the  early 
nineties  thoroughly  saturated  the  gravels  near  the  mountains  in  this 
part  of  the  State.  Subsurface  percolation  varies  widely  in  i-ate,  this 
being  dependent  upon  the  coarseness  of  the  material  through  which 
the  water  passes.  Rates  between  zero  and  96  feet  per  day  have  been 
measured  by  Mr.  Homer  Hamlin*'  in  the  narrows  of  Los  Angeles 
River,  and  rates  with  lower  maxima  are  reported  hy  Professor  Slichter 
from  Mohave  River  below  Victorville  and  from  the  Paso  de  Bartolo. 
If  a  rate  of  25  feet  a  day,  or  less  than  2  miles  a  year,  is  assumed,  the 
increasing  flow  of  Santa  Ana  River  during  the  last  sixteen  years  may 
be  due  in  part  to  the  slow  escape  to  the  river  of  the  waters  that  accu- 
mulated in  the  alluvium  near  the  mountains  during  the  decade  of  wet 
years  preceding  the  present  dry  epoch,  since  these  waters  would  have 
to  pass  through  from  10  to  20  miles  of  gravels  between  the  canyon 
mouths  and  the  part  of  the  Santa  Ana  in  question.  No  criteria  are 
known  by  which  we  can  distinguish  between  these  two  possibilities  at 
present.  If  the  Santa  Ana  shrinks  again  later  during  a  period  when 
the  minimum  rainfall  of  the  present  decade  is  due  to  reach  it,  we  can 
conclude  that  its  fluctuations  are  to  be  attributed  to  this  slow  passage 
of  the  waters  of  wet  and  dry  periods  through  the  underground  pores. 
If,  on  the  other  hand,  its  increased  flow  is  maintained  or  continues  to 
increase,  this  will  prove  that  it  is  due  to  returning  irrigation  waters. 


<i  Hamlin,  Homer,  Underflow  testii  in  the  drainage  basin  of  Ixjs  Angeles  River:  Water-Sup.  snd 
Irr.  Paper  No.  112,  1905,  pp.  34-50. 
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SAN  BERNARDINO  ARTESIAN  AREA* 

About  1870  it  was  found  that  a  pipe  sunk  50  to  100  feet  into  the 
eaii;h,  anywhere  within  the  area  of  moist  lands  now  forming  the  well- 
known  Sftn  Bernardino  artesian  basin,  would  j'ield  flowing  water. 
During  the  succeeding  decade  many  wells  of  small  bore  were  sunk, 
chiefl}-  for  domestic  purposes,  and  in  some  instances  the  water  was 
piped  through  dwellings,  the  artesian  pressurfe  being  quite  ample  in 
many  cases  to  force  it  wherever  needed  in  the  houses. 

The  rapid  development  of  the  valley  during  the  decade  from  1880  to 
1890,  coupled  with  the  fact  that  pi'acticall}'  all  surface  waters  had 
been  appropriated  by  that  time,  led  to  an  extensive  use  of  the  under- 
ground waters  of  the  artesian  belt  as  a  source  of  water  supply.  Dur- 
ing the  later  eighties  and  the  early  nineties  the  great  majority  of  the 
wells  of  the  Gage  canal  system  were  put  down,  and  the  Riverside 
Water  Company  considerably  augmented  its  supply  from  Warm  Creek 
and  the  Santa  Ana  by  sinking  a  number  of  deep  wells  within  the  ai*te- 
sian  belt.  The  Lytle  Creek  cienaga  was  also  developed  as  a  source  of 
domestic  water  by  the  cities  of  San  Bernardino  and  Colton,  and  for 
irrigation  water  by  a  number  of  irrigation  districts. 

The  seemingly  unlimited  amount  available  in  the  great  cienaga,  and 
the  resistance  which  it  had  oflfered  previous  to  1897  to  the  drains  upon 
it  during  the  preceding  decade  of  rapid  development,  led  to  great  con- 
iSdence  in  it  and  gave  many  the  impression  that  as  a  source  of  water  it 
was  independent  of  seasonal  variations  in  precipitation,  of  diversions 
of  streams  tributary  to  the  valley,  or  of  drafts  upon  its  stored  supply. 
The  concurrence  of  the  series  of  years  of  low  rainfall,  beginning  with 
the  winter  of  1897-98,  with  the  gradually  increased  use  of  waters  devel- 
oped during  the  preceding  decade,  soon  produced  its  effect,  however, 
and  for  some  years  the  artesian  area  has  been  shrinking,  the  flow  of  wells 
within  it  diminishing,  and  the  water  plane  without  it  rapidly  falling. 
An  increase  of  rainfall  at  once  affects  water  levels,  as  is  shown  by  the 
seasonal  increase  of  flow  from  artesian  wells  during  the  winter  and  the 
particularly  noticeable  rise  in  water  levels  after  the  winters  of  1900- 
1901  and  1902-3.  In  most  cases,  however,  these  improvements  in  con- 
ditions do  not  last  through  the  succeeding  dry  season  because  of  the 
heavy  drafts  now  being  made  upon  the  basin.  The  general  reduction 
in  flow  and  lowering  of  the  water  plane,  although  most  clearly  recog- 
nized during  the  dry  years  succeeding  1896-97,  had  been  noticeable 
earlier.  A  few  artesian  wells  are  reported  to  have  ceased  flowing  as 
early  as  1890  or  1891,  and  a  number  about  the  borders  of  the  basin 
had  ceased  before  1896. 

Before  considering  further  the  drafts  upon  the  artesian  supply  and 
their  probable  ultimate  effect  it  is  necessary  to  discuss  the  origin, 
outlines,  and  underground  conditions  of  the  artesian  basin,  since  its 
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capacity  as  a  storage  reservoir,  the  rapidity  with  which  its  supply 
may  be  renewed,  and  the  rate  at  which  this  supply  may  be  drawn 
upon  depend  upon  these  underground  conditions. 

ORIGIN  OF  SAN    BERNARDINO   BASIN. 

A  great  fault  runs  northwest  and  southeast  through  Cajon  and  San 
Gorgonio  passes  and  along  the  base  of  the  San  Bernardino  Mountains. 
In  the  movement  along  this  fracture  a  portion  of  the  earth's  crust 
north  of  the  present  valley  was  uplifted  and  now  forms  the  San  Ber- 
nardino Mountains,  while  the  valley  itself  represents  a  great  depressed 
area  south  of  the  fracture. 

Another  crustal  movement,  whose  beginning  at  least  may  well  have 
been  contemporaneous  with  the  first,  both  being  very  late  geologically, 
resulted  in  the  lifting  of  a  ridge — the  formation  of  an  irregular  arched 
wrinkle — extending  from  the  San  Jacinto  Mountains  northwestward 
along  the  line  of  the  Badlands,  which  separate  San  Timoteo  Canyon 
from  San  Jacinto  Valley.  The  rocks  which  were  folded  into  this  arch 
are  soft  shales  and  sandstones  and  gravelly  alluvium,  like  that  depos- 
ited by  the  rivers  now  in  San  Bernardino  Valley.  This  fold  cau  be 
traced  on  the  surface  as  the  Bunker  Hill  dike  to  a  point  nearly  2 
miles  somewhat  south  of  west  of  San  Bernardino.  It  probably  extends 
even  farther  in  the  direction  of  Lytle  Creek  Canyon  as  an  under- 
ground feature,  buried  beneath  the  modern  wash,  but  there  is  no  sur- 
face indication  of  its  presence  there. 

This  clay  and  gravel  ridge  has  been  the  most  effectual  of  subsurface 
dams,  against  which  the  modern  stream  wash  has  accumulated^  and 
behind  which  the  waters  percolating  seaward  through  this  wash  have 
been  stored,  the  excess  rising  in  springs  and  flowing  over  the  dam,  to 
sink  again  in  the  sands  and  gravels  below. 

It  is  not  possible  to  determine  in  detail  the  chai'acter  of  the  floor  of 
the  San  Bernardino  basin,  but  we  can  gain  a  conception  which  is  prob- 
ably correct  in  its  general  outlines  by  a  consideration  of  the  nature  of 
the  surface  whose  deformation  gave  rise  to  it. 

Before  the  San  Bernardino  Mountains  were  uplifted  and  San  Ber- 
nardino Valley  was  formed  subaerial  erosion  had  reduced  an  earlier 
topography  to  a  condition  in  which  the  valleys  were  wide  and  generally 
level  and  the  mountains  low,  although  often  steep,  because  the  granitic 
rocks  from  which  they  were  carved  weather  characteristically  into 
steep  forms. 

Such  a  surface  is  now  to  be  found  in  the  triangle  at  whose  vertices 
are  Riverside,  Elsinore,  and  San  Jat^into.  Other  fragments  of  thk 
old  landscape  are,  it  is  believed,  still  preserved  in  practically  the  con- 
dition in  which  they  existed  previous  to  the  deformation  in  Bear 
Valley  and  its  continuation  about  Baldwin  Lake  (PI.  II,  B)^  in 
Holcomb  Valley,  in  Little  Bear  Valley,  and  in  other  of  the  area^ 


MKNDKNHALL.]  SAN    BERNARDIKO    ARTESIAN    AREA.  81 

now   forming  some  of    the    higher  parts  of    the    San   Bernardino 
]Vlountain8. 

The  topography  of  these  higher  areas,  where  it  has  not  been  altered 
bv  modern  gorge-producing  agencies,  consists  of  broad  valleys  with 
ridges  of  moderate  elevation  between  them  and  is  much  like  that  in 
the  region  north  of  Elsinore.  It  is  believed  that  these  two  regions, 
now  so  widely  separated  geographically  and  in  elevation,  once  formed 
a  continuous  surface,  and  that  San  Bernardino  Valley,  between  them, 
was  a  part  of  this  surface,  like  the  other  parts  in  character  and  devel- 
oped with  them. 

DEPTH   OF  THE   BASIN. 

When  the  series  of  earth  strains  which  deformed  the  region  came 
into  play,  Perris  Valley  was  raised  slightly,  the  San  Bernardino  Moun- 
tains were  raised  much  more,  and  San  Bernardino  Valley,  between 
them,  sank  until  parts  of  its  old  surface  came  to  occupy  a  position 
below  sea  level.  How  much  below  it,  it  is  not  possible  to  tell  with 
any  exactness,  since  the  deepest  wells  bored  in  the  center  of  the  val- 
ley do  not  reach  bed  rock,  and  the  character  of  the  movement  and  of 
the  land  affected  was  such  that  it  is  difficult  to  estimate  the  amount  of 
the  displacement.  An  estimate,  which,  however,  is  little  more  than  a 
guess,  may  be  made  by  considering  the  maximum  relief  preserved 
upon  the  old  surface  and  applying  the  criteria  thus  obtained  to  San 
Bernardino  Valley. 

The  heights  about  Bear  Valley  usually  do  not  rise  more  than  3,000 
feet  above  its  level;  those  surrounding  the  other  flat  mountain  valleys 
rarely  attain  this  relief.  The  -Jurupa  Mountains  stand  nearly  3,000 
feet  higher  than  bed  rock  in  the  neighborhood  of  Bloomington.  The 
peaks  within  Perris  and  San  Jacinto  valleys  are  generally  less  than 
2,000  feet  above  the  floors  of  the  surrounding  lowlands,  where  the 
depth  to  these  is  known.  On  tlie  whole,  it  seems  fair  to  assume  about 
3,000  feet  as  the  maximum  relief  on  the  old  surface. 

>Iorth  of  a  median  line  through  the  San  Bernardino  basin  a  range 
of  low  bed-rock  hills  rises  through  the  modern  wash.  These  are 
believed  to  be  hills  inherited,  like  the  Jurupa  Mountains,  from  the 
predeformation  surface.  On  the  supposition  that  they  originally 
stood  at  about  3,000  feet  above  the  valley  floor,  this  should  now  be 
only  2,000  or  2,500  feet  beneath  San  Bernardino. 

By  assuming  that  the  average  slope  of  the  hills,  l)efore  their  burial 
under  the  modern  wash,  was  1,(KM)  feet  to  the  mile — a  supposition 
which  is  believed  to  be  sufficiently  conservative—  and  that  this  slope 
was  continuous  from  the  little  bed-rock  mound  below  Del  Rosa  south- 
westward  to  the  line  of  disturbance  marked  by  the  Bunker  Hill 
dike — a  supposition  which  seems  likely  to  give  a  greater  depth  to 
bed  rock  than  the  true  one — we  reach  the  conclusion  that  the  latter  lies 
less  than  3,(X)0  feet  beneath  San  Bernardino.     Nothing  whatever  is 
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known  of  the  details  in  the  buried  old  topography  under  the  modem 
gravels.  Perhaps  bed-rock  bills  exist  there  which  differ  from  tbo«e 
that  rifio,  above  the  wash  along  the  northern  edge  of  the  valley,  only 
in  that  they  are  not  .so  high  and 


II  n  I  n  I 


have  been  completely  covered 
by  the  modern  alluvium,  or  the 
floor  of  the  middle  of  the  val- 
ley, extending  northwest  and 
southeast  beneath  tSan  Bernar- 
dino, may  be  rclativeh-  smooth 
like    that    of    Perris    Valley. 
g    Whatever   its    character,    ibe 
_;   rough  estimate  of  3,000  feet  or 
(Q   less  from  the  present  surface  to 
^   it  is  the  best  that  can  be  made 
I   I   with  the  data  at  hand.    (Fig.^.) 

^       QENERAL  CLASSES  OF  ROCKS. 

.|       From  the  point  of  view  of  the 


water  supply,  the  roi^ks  of  the 


?   upper  San  Bernardino  region 
J   may  be  subdivided    into    two 
a   general    classes^tbose    which 
^   outcrop   everywhere   in    the 
3   higher  mountain  region.^   and 
I   in  many  of  the  hills  within  the 
■   valleys,  and  the  clays  and  allu- 
vium which  fill  the  valleys,  un- 
derlie most  of  the  fertile  niosai. 
and  form  the  greater  part  nf 
-^   the  low  hills  known  as  the  Batl- 
I  lands  between  San  Jacinto  and 
■^   upper  Santa  Ana  valleys.     PI. 
'i   XII  shows  the  distribution  of 
C   the    water-bearing    and    non- 
water  -  bearing    rocks    of    the 
region. 

The  nx'ks  of  the  first  group 

technically  include  such  widely 

"  different   varieties   as  schist. 

. . — . — . — I  . .    -■  gneissejs,  diorites,  marble*. 

ill   I  I   I    °   I    i  quartz-porphyries,  eandstonfts 

^  and   conglomerates,  but   they 

have  the  common  clianicteristic  of  relative  iompactnes.s,  and  so  absorb 

and  store  but  little  water.     The  .sandstones  and  conglomerates  whii-h 

are  included  in  this  class,  although  l>elonging  to  a  group  of  rook* 
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which  in  many  regions  are  valuable  water  bearers,  are  here  so  changed 
by  metamorphic  processevS  as  to  be  practically  impervious,  as  is  the 
case  with  the  schistose  sandstones  of  the  Jurupa  Mountains,  or  are  so 
broken  and  so  closely  folded  that  their  stored  water  is  too  small  in 
amount  and  too  doubtful  in  position  to  be  of  value,  as  is  true  of  the 
sandstones  in  the  lower  part  of  Mill  Creek  Canyon,  and  of  those 
which  form  a  narrow  interrupted  band  along  the  south  foot  of  the 
San  Bernardino  Mountains  from  East  Highlands  to  Cajon  Pass. 

The  rocks  of  the  second  group  are  the  important  ones  from  the 
jKjint  of  view  of  the  water  user.  They  consist  largely  of  alluvium, 
i.  e.,  of  sands,  gravels,  and  clays  which  have  been  deposited  by^  streams 
under  conditions  very  similar  to  those  prevailing  in  San  Bernardino 
Valley  to-day,  but  at  their  base  is  a  rather  widespread  series  of  fine 
clay^s  and  shales,  which  outcrop  along  the  axis  of  the  Badlands  ridge 
and  at  various  points  on  the  western  flanks  of  the  San  Jacinto  Moun- 
tains. These  clays  carry  fresh- water  fossils,  and  their  presence  indi- 
cates that  an  inland  lake  whose  extent  is  uncertain  existed  at  least 
along  the  southern  border  of  what  is  now  the  San  Bernardino  hnsin  in 
late  Tertiary  times,  before  the  earliest  of  the  valuable  water-bearing 
gravels  were  deposited. 

From  the  fineness  of  these  clays  we  infer  that  no  very  marked  relief 
existed  near  by  at  the  time  of  their  deposition,  because  high  mountains 
usually  yield  coarse  detritus,  and  from  the  fact  that  they  are  bent  into 
sharp  folds  we  know  that  extensive  earth  movements  have  taken  place 
since  their  deposition.  These  two  facts  lead  to  the  belief  that  the 
clays  are  older  than  the  formation  of  San  Bernardino  Valley  and  the 
San  Bernardino  Mountains.  They  were  likely  deposited  in  a  lake 
like  Bear  Lake,  but  much  larger,  on  the  old  land  surface  of  rather 
moderate  relief  which  existed  in  this  part  of  southern  California 
before  the  present  high  mountains  came  into  existence.  The  topog- 
raphy of  that  time,  it  is  inferred,  was  much  like  that  of  Perris  Valley 
or  of  the  higher  parts  of  the  San  Bernardino  Mountains  at  present — 
that  is,  there  were  wide,  nearly  level  valleys,  and  from  these  rose 
ridges  or  peaks  to  moderate  elevations  of  a  few^  hundred,  or  in  extreme 
cases  of  perhaps  a  few  thousand,  feet. 

The  old  lake  probably  occupied  the  lowest  of  the  valleys  of  that 
time,  and  within  it  islands  of  the  granitic  or  gneissoid  bed  rock  rose, 
perhaps,  as  the  Box  Springs  and  Lake  View  mountains  now  rise  above 
the  Perris  and  San  Jacinto  plains.  It  seems  probable  that  these  fine 
deposits  extend  under  at  least  a  part  of  the  San  Bernardino  cienaga, 
and  that  in  deep  drilling  they  may  be  encountered  before  the  granitic 
bed  rock  is  reached.  The  beds  laid  down  in  the  bottom  of  this  lake 
were  too  fine  to  be  of  value  as  water  bearers,  but  they  furnish  a  com- 
paratively impervious  plane  above  which  the  waters  accumulate,  and 
IB»  142—05 3 


34  HYDROLOGY    OF    SAN    BERNARDINO    VALLEY.  [so.  id 

when  thrown  into  a  fold  across  the  course  of  a  river,  as  in  the  case  of 
the  Bunker  Hill  dike,  they  force  to  the  surface  the  waters  pen^o- 
lating  through  the  porous  gravels  above  them,  or  if  an  impervi<>u> 
clay  layer  intervenes  between  the  porous  stratum  and  the  surface*, 
they  dam  back  the  water  so  that  it  is  held  under  pressure  and  flow> 
when  the  upi)er  bed  is  pierced  by  a  drill. 

Some  time  after  the  deposition  of  the  Badlands  clays  which  hav*» 
been  described,  a  series  of  crustal  movements  began,  which  folded  tin* 
clays  and  seems  to  have  elevated  the  San  Bernardino  and  perhaps 
other  mountain  masses  until  they  stood  well  above  the  adjacent  valleys, 
but  were  perhaps  2,500  feet  lower  than  at  present.  It  is  probable 
that  at  the  same  time  San  Bernardino  Valley  subsided  somewhat,  mj 
that  its  rock  floor,  sheeted  over  by  the  lacustrine  silts,  stood  at  a  lower 
elevation  than  before  the  movement.  At  any  rate,  conditions  pre- 
vailed which  were  much  like  those  of  the  present.  Mountain  streann 
were  active;  they  cut  deep  Qan\'ons  and  carried  the  products  of  their 
erosional  activity  out  into  the  lowlands  as  they  now  do.  This  detritus 
contained  much  coarse  material,  but  on  the  whole  was  probably  not 
quite  so  coarse  as  the  fan  material  of  to-day.  It  was  widely  distributed 
over  the  lowlands  south  of  the  mountains — bowlder  beds,  sand  be<U. 
and  clays  alternating  in  an  uncertain  succession  until  many  hundred'^ 
of  feet  of  alluvium  were  piled  up. 

At  the  close  of  this  epoch  in  the  geographic  development  of  tht» 
region,  movement  was  resumed  along  the  lines  followed  during  tlu- 
earlier  period.  This  movement  lifted  the  San  Bernardino  Mountain^ 
to  their  present  elevation.  It  raised  the  earlier  deposited  alluvial 
wash  into  the  sloping  mesas  of  Smile}^  Heights  and  Rediands  Height-*. 
It  probably  resulted  in  the  uplift  of  the  Yucaipe  bench  to  a  position 
somewhat  higher  than  that  it  had  occupied  before,  and  the  coarse 
bowlder  beds  south  of  San  Timoteo  Canyon  were  given  the  stroncf 
northerly  dip  which  they  now  have.  San  Bernardino  Valley,  which 
had  been  depressed  in  the  earlier  movement  and  filled  by  the  erosion 
following,  seems  to  have  again  subsided.  After  this  readjustment  of 
the  relations  of  valle}^  and  plain,  stream  activity  was  renewed,  erosion 
became  more  active  than  ever,  the  present  deep  canyons  were  cut,  the 
modern  fans  were  built,  and  the  great  alluvial  filling,  which  make^  the 
present  surface  of  San  Bernardino  Valley  and  serves  as  such  a  valuable 
storage  reservoir  for  irrigation  and  domestic  waters,  accumulated. 

This,  in  brief,  is  the  history  of  the  geologic  and  physiogmphic  prcx - 
esses  which  have  given  us  the  conditions  that  now  exist  and  have 
resulted  in  the  deposition  of  the  gravels  that  serve  as  porous  reser- 
voirs and  the  clays  that  act  as  impervious  caps  that  confine  the  water 
under  pressure  or  as  equally  impervious  bottoms  to  the  water  basins. 
Such  a  sketch  completed,  we  are  in  a  position  to  discuss  intelligently 
and  more  minutely  the  formations  which  are  water  bearing,  their 
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character,  distribution,  attitudes,  and  storage  capacity,  and  to  draw 
from  the  discussion  some  practical  conclusions. 

The  two  important  water-bearing  formations  are,  as  may  readily  be 
inferred  from  the  preceding  discussion,  the  two  series  of  deposits  of 
river  wash,  which  will  be  spoken  of  as  the  earlier  and  the  later  allu- 
vium. They  are  much  alike  in  character,  having  been  deposited  under 
very  similar  conditions,  the  differences  being  that  the  later  alluvium 
is  .somewhat  coarser  than  the  earlier,  has  a  smaller  amount  of  cement 
jrravel — that  is,  bowlders  embedded  in  a  hard  clay,  which  is  often 
sandy — and  has  less  extensive  beds  of  clky  sufficiently  pure  to  be 
practically  impervious  to  water.  Another  difference  is  not  in  charac- 
ter, but  in  attitude,  the  beds  of  the  later  alluvium  being  in  just  the 
position  in  which  they  were  depositied  by  the  rivers  that  brought  their 
materials  from  the  mountain  canyons,  while  the  beds  of  the  earliei* 
alluvium  have  been  disturbed  since  their  deposition — have  been  given 
marked  dips  in  one  or  ,another  direction  and  have  been  raised  in 
places  until  they  are  now  much  higher  than  when  deposited.  Since 
water  always  flows  down  grade  when  free,  these  attitudes  are  impor- 
tant in  their  effect  upon  the  circulation  of  the  contained  waters. 

ALLUVIAL  FANS. 

Extensive  accumulations  of  coarse  or  poorly  assorted  stream-depos- 
ited rock  fragments,  such  as  constitute  alluvial  fan  material  or  glacial 
debris,  always  indicate  that,  for  some  reason,  the  process  of  rock  dis- 
integration is  more  rapid  than  that  of  removal.  In  glaciated  regions 
piles  of  unsorted  ro('k  fragments  testify  to  a  rapidl}'  accunmlated  sup- 
ply concentrated  at  certain  points.  In  arid  regions  the  very  differently 
arranged  masses  of  debris  bear  witness,  not  necessarily  to  especially 
rapid  accumulation,  but  to  slow  removal,  because  of  a  dearth  of  the 
univeraal  agent  of  removal,  water.  Hence,  where  other  conditions, 
such  as  character  of  rocks,  height  of  mountains,  etc.,  are  equal,  greater 
aridity  is  indicated  by  steeper  fans  of  greater  mass  and  coarser 
material. 

The  accumulations  take  place  in  glaciated  regions  because,  although 
the  volume  of  water,  which  is  the  great  distributing  agent,  is  large, 
the  material  is  supplied  in  such  quantities  that  the  rivers  can  not  suc- 
cessfully cope  with  the  problem  of  its  removal.  It  gathers,  therefore, 
and  forms  the  rubble  heaps.  In  the  arid  regions  the  same  result  is 
attained  because  of  another  condition — the  smallness  of  the  water  sup- 
ply and  the  consequent  incapacity  of  the  streams.  Disintegration  may 
not  take  place  more  rapidly  than  in  humid  regions,  but  removal  is  much 
slower,  hence  the  spectacle,  not  rare  in  the  Mohave  Desert,  of  moun- 
tains nearly  buried  under  the  material  which  has  resulted  from  their 
own  slow  breaking  down.  With  an  accession  of  rainfall  the  process 
of  removal  is  accelerated,  and  the  fans  formed  earlier  are  gullied  and 
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gradually  worn  away.  It  is  thus  seen  that  the  extent  of  the  alluviii 
cone a^-ciiinulations  is,  within  certain  restrictions,  a  measure  of  ariditv. 
Their  presenw  means  limited  rainfall;  the  greater  their  extent  tli* 
lesri  the  mean  annual  precipitation  where  conditions  of  topography 
and  of  rock  masses  are  similar,  and  the  less  their  extent  the  greater  tW 
precipitation. 

The  alluvial  cones  of  Sin  Bernai'dino  Valley  (Fl.  VIII).  therefoiv. 
testify  to  the  partial  aridity  of  its  climate.  As  these  are  small  in 
relation  to  the  mountains  about  whose  bases  they  are  found,  whea 
compared  to  those  about  the  bases  of  the  desert  ranges,  .so  the  valley 
rainfall  is  large  as  compared  to  the  desert  rainfall.  Yet  the  strikiDs: 
general  fa^^'t  remains  that  the  most  important  subterranean  watT 
storage  reservoirs  of  San  Bernardino  Valley  came  into  existence  [lartli 
because  of  the  liiuited  rainfall  of  that  region. 


i^ 


Fia.  3 — Dliignnumiiiie  longiluilinHl  seuUuii  o(  sJluTial  Inn. 

The  conditions  under  which  this  alluvium  haw  accumulated  aiv,  in 
general  terms,  simple.  Variations  in  temperature,  which  cause  unequal 
expansion  of  the  different  minerals  constituting  a  rock;  freezing  of 
the  moisture  which  has  entered  rock  tissures  in  the  higher  mountain?: 
slow  solution  of  some  minerals  by  rain  waters,  thus  releasing  other-: 
the  forcing  a^Hirt  of  rock  masses  by  the  roots  of  different  forms  of 
vegetation;  and  the  occa-sional  shattering  by  earth«iuake  shocks,  ill 
help  to  initiate  the  disintegration  of  the  rocks  of  the  mountain  art*. 
Once  a  fragment  is  loosened,  gravity  or  moving  water  carries  it  to  a 
lower  point.  Thus,  in  the  canyons,  quantities  of  lock  debris  are  con 
stantly  accumulating.  The  normal  light  How  of  the  summer  seiism 
removes  only  the  very  fine  or  the  soluble  matter.  The  greater  pirl 
of  the  work  of  removal  is  accomplished  during  the  brief  storms,  wbpn 
torrents  rush  through  these  constricted  defiles,  their  carrying  capacity 
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increasing  at  the  enormous  ratio  of  the  sixth  power  of  their  velocity. 
At  such  times  great  bowlders  are  readily  moved  and  smaller  ones  are 
rolled  long  distances.  Gradually  they  are  worked  along  toward  the  ' 
mouth  of  the  canyon.  As  soon  as  the  stream  reaches  the  open  valley 
it  spreads,  loses  velocity,  and  drops  its  load,  the  heavier  fragments 
being  deposited  first  and  the  lighter  ones  carried  farthest.  Thus  the 
alluvial  cone,  coarsest  and  steepest  near  the  base  of  the  niountain  and 
finer  and  flatter  at  a  greater  distance,  gradually  accumulates.  With  a 
succession  of  years  of  heavy  storm,  trains  of  bowlders  will  be  carried 
far  down  the  slope  and  dropped  over  the  finer  deposits  which  collected 
during  preceding  years  when  the  precipitation  was  light.  Or,  as  one 
channel  is  built  up  in  the  manner  in  which  a  river  builds  up  its  bed 
higher  than  the  surrounding  areas,  the  course  of  the  stream  will  shift 
on  its  fan  to  a  lower  channel;  earlier-formed  deposits  will  be  cut 
away  and  fine  material  will  be  deposited  upon  coarse,  or  coarse  upon 
fine. 

Moderate  storms  may  bring  heavy  material  to  the  mouth  of  the  can- 
yon and  there  drop  it.  A  succeeding  heavier  storm  will  pick  up  the 
coarse  material  laid  down  in  the  bed  of  the  stream,  move  it  farther  out 
the  slope,  cutting  into  the  earlier-deposited  burden  in  the  process,  and 
so  establishing  a  new  course  which  will  be  tilled  in  its  turn. 

After  violent  storms,  during  which  turbulent  waters  highly  charged 
with  silt  spread  far  and  wide  over  the  sands  and  gravels  of  the  fans, 
a  film  of  fine  mud  is  usualh^  found  over  the  river  wash;  it  has  been 
deposited  as  the  muddy  flood  waters  subsided  and  sank  into  the  sand 
and  gravel.  Not  all  of  this  tine  suspended  material  was  left  at  the  sur- 
face, but  much  must  have  been  carried  down  by  the  sinking  waters, 
gradually  tiltered  out  from  them  as  they  percolated  through  the  porous 
deposite,  and  left  as  a  clay  cement  in  the  interstices  between  the  sand 
and  gi'avel  grains.  Much  of  that  muddy  film  left  at  the  surface  may 
be  later  carried  down  in  a  similar  way  by  local  rains  and  become  a 
cement  for  the  coarser  material.  It  is  believed  that  in  this  way  orig- 
inated a  part  of  the  '^cement  gravel"  and  ''cement  sand"  so  often 
reported  by  drillers  and  so  well  exposed  in  sections  of  the  first  allu- 
vium along  the  sides  of  San  Timoteo  Canyon.  It  makes  a  stratum 
practically  as  impervious  to  water  as  one  of  pure  clay.  Others  of  these 
cement  beds  probably  represent  "  hardpans,"  formed  just  beneath  what 
was  the  surface  at  the  time  of  its  formation,  but  which  since  has  been 
deeply  buried  by  the  growth  of  the  fan. 

From  this  outline  of  the  manner  in  which  the  alluvium  accumulates 
it  will  be  seen  that  it  forms  an  extremely  irregular  mass  of  sands, 
gravels,  and  clays.  Its  stratification  is  very  rude,  not  to  be  compared 
In  regularity  with  that  in  materials  deposited  by  the  still  waters  of 
lakes  and  seas,  but  it  is  more  perfect  at  a  distance  from  the  source  of 
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the  tuateri&lthan  near  it.  The  general  Arrangement 
in  radial,  the  deposits  spreading  out  fanlike  frim 
the  mouth  of  the  canyon,  a  particular  bed  often 
becoming  wider  an  well  as  finer  at  the  greater  di'*- 
tances,  iu'*t  us  the  stream  itself  spreads  out  over  a 
greater  expanse  as  it  reaches  the  flatter  lands  .some 
distance  from  the  canyon  niouthi^.  Cross- beddintj 
and  local  unconformitie,s  are  abundant.  \Vhere  M 
river  deposit*  are  exposed  for  examination,  as  aloti^ 
the  bluff  forming  the  north  edge  of  the  Riverside 
Highlandsmesa(FI.  VI,  yl), channels  tilled  with  sand 
and  gravel  are  to  he  seen  cutting  at-rosw  earlier 
deposits  of  coarser  or  finer  material,  thus  fomiinir 
"potikets"  and  explaining  fully  thediscordance  of t^n 
observed  in  the  records  of  adjacent  wells(tigs.  .">.  fi. 
and  9),  a  water-bearing  gravel  stratum  or  a  clay  bed 
in  one  being  entirely  absent  in  another  near  by  Im-- 
cause  in  the  shifting  of  channels  it  has  been  cut  away 
after  deposition, 

WELL    RECORDS, 

Hundreds  of  wells  have  been  sunk  in  the  valley  of 
the  Santa  Ana  in  the  last  twenty-five  years  jn  tbc 
search  for  water  for  domestic  purposes  or  for  irriga- 
tion, and  the  records  of  these  illustrate  abundanik 
the  conditioax  which  have  just  been  de„icribed,  Kx- 
cavationa  in  the  wash  north  of  Hedlands  show  a  ma— 
of  roughly  stratified  sand,  gravel,  and  IwtwlderM,  all 
open,  pervious  material  through  which  the  water  can 
percolate  fi-eely.  Higher  up  in  the  Santa  .\iia  chan- 
nel the  bowlders  become  large,  the  fine  material  Ir- 
ciimes  smaller  in  amount  and  coarser,  and  the  siztMif 
the  open  spaccsgreater,  although  the  percentage cf 
voids  is  less,  because  the  space  occupied  by  eaili 
large  bowlder  is  free  from  voids. 

Within  the  limitsof  the  present  and  the  original 
artesian  ba.sin  the  characteristic  feature  is  the  prp-- 
ence  of  extensive  sheets  of  clay  {figs.  4,  5.  t>,  and  :')- 
They  are  the  finer  deposit-<  in  this  lower  part  of  the 
fan,  as  the  sands  und  fine  gravels  are  the  finer  de^Ms- 
its  at  higher  points.  While  in  .some  of  the  well  log- 
ulong  the  extreme  lower  edge  of  the  water-bearing 
lands  clay  entirely  free  from  grit  is  encountered, 
about  the  borders  it  becomes  sandy,  so  that  at  times 
the  driller  is  in  doubt  »s  to  whether  it  should  \w  chw- 
sified  as  a  fine  sand  or  as  a  sandy  clay;  hence,  while 
we  have  not  contiimous  sections  upon  which  to  lase  a 
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judgment,  it  is  highly  probable  that  upstream  the  clays  merge  into  fine 
^sa^d,  then  into  coarse  sand,  and  so  represent  only  the  marginal  phases 
of  the  finer  fan  deposits.  Their  porosity  must  likewise  gradually 
increase  upstream  from  the  cienaga,  so  that,  whereas  they  are  imper- 
A'ious  caps  along  the  lower  borders  of  the  basin,  they  become  open 
and  permit  seepage,  especially  under  pressure  at  higher  points. 

These  clay  beds  are  distributed  at  various  horizons  between  the  sur- 
face and  the  l)ottoms  of  the  deepest  wells  drilled,  whose  depth  is  about 
1,0()0  feet.  The  fact  that  they  are  often  sand}',  so  that  one  driller  will 
class  a  bed  as  fine  sand  while  another  calls  the  same  stratum  cla}^, 
together  with  the  distinctive!}'  irregular  character  of  stream  deposits, 
the  local  unconformities  resulting  sometimes  in  the  complete  cutting 
out  of  a  bed  at  one  point  and  its  replacement  by  another  usually  coarser, 
makes  the  correlation  of  the  minor  individual  beds  through  the  medium 
of  well  records  a  very  uncertain  undertaking  indeed,  and  one  which  it 
is  not  possible  to  carry  out  unless  the  wells  studied  are  very  near 
together.  In  a  group  of  wells  within  a  prescribed  area,  however,  it 
is  usually  possible  to  subdivide  the  strata  into  broad  units  which  may 
be  recognized  in  each  well. 

This  is  illustrated  in  the  case  of  the  group  of  wells  belonging  chiefly 
to  the  Gage  Canal  Company,  and  lying  from  1  to  2  miles  northeast  of 
Lioma  Linda  (fig  5).  Throughout  this  group,  originally  very  impor- 
tant as  a  source  of  artesian  water,  and  still  yielding  a  limited  supply 
by  natui'al  flow,  although  many  pumps  are  now  installed,  a  cap  of  clay 
50  to  1(X)  feet  thick  is  first  pierced  by  the  drill.  Beneath  this  clay  cap 
is  a  bed  of  sand  and  gravel,  often  coarse,  varying  from  100  to  200  feet 
in  thickness.  This  gmvel  is  saturated,  and  although  the  water  is  not 
now  under  sufficient  head  to  flow,  it  is  a  satisfactory  source  from 
which  to  pump.  This  same  extensive  gravel  bed  is  pierced  by  two 
deep  wells,  designated  "P"*'  and  "O"  of  the  Gage  system  on  the  west 
bank  of  the  canal  just  north  of  Col  ton  avenue,  and  by  an  important 
group  of  shallow  wells  east  of  the  extension  of  D  street,  San  Bernardino. 
These  latter  wells  belong  to  the  Riverside  Water  Company  and  to  the 
Riverside  Highlands  Company,  and  since  their  surface  elevation  is  50 
to  100  feet  lower  than  that  of  the  (lage  wells  above  noted,  they  flow 
readily,  although  the  head  is  not  great  enough  to  produce  a  flow  in 
the  less  advantageously  situated  Gage  wells. 

l^low  this  higher,  clearly  marked  gravel  series  is  a  zone  of  inter- 
bedded  sands,  clays,  and  gravels  about  200  feet  thick.  The  occasional 
gnivel  streaks  of  this  series  contain  water  under  pressure,  so  that  it 
flows  or  rises  nearly  to  the  surfac^e.  Under  this  is  found  a  second 
heavy  and  apparently  rather  regular  gnivel  mass  in  which  flowing 
water  is  obtained.  As  it  lies  500  to  (500  feet  beneath  the  surface,  it  is 
tapped  by  only  the  deeper  wells,  and  has  been  pierced  by  but  one  or 
two,  so  that  it^  extent  and  regularity  are  problematical. 
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In  a  group  of  wells  lying  just  west  of  the  Victoria  tract  and  north 
of  the  Southern  Pacific  Railroad,  from  which  the  city  of  Riverside  gi»r> 
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its  domestic  water  supply,  the  upper  clay  stratum  of  the  trage  wells  i- 
recognizable,  altliough  suinetimes  divided  into  two  or  more  partti  by 
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sandy  layei-s.  A  bed  of  coarse  water-bearing  gravel  immediateh- 
beneath  this  occupies  the  same  relative  position  as  the  upper  heavy  bed 
in  the  Gage  wells,  but  when  penetrated  seems  to  be  much  thinner.  It 
may  be  the  thin  edge  of  a  heavy  gravel  lens,  whose  maximum  thickness 
is  revealed  in  the  Victoria  group.  As  records  are  available  from  only 
two  of  these  wells  which  exceed  500  feet  in  depth,  no  data  exist  for 
an  attempt  to  correlate  the  deeper  strata  with  those  of  adjacent  groups. 

All  of  the  wells  which  have  been  considered  lie  in  the  lowest  part  of 
the  San  Bernardino  cienaga;  they  therefore  exhibit  a  greaU^r  propor- 
tion of  line  material  and  a  greater  regularity  in  stratification  than  is  to 
be  found  in  other  portions  of  the  ba.sin  that  lie  nearer  the  mountainous 
areas  and  nearer  the  source  of  supply  of  the  alluvium. 

This  is  illustrated  by  a  comparison  of  the  records  of  those  wells  which 
lie  along  Warm  Creek  from  Waterman  avenue  northeast  to  Harlem 
Springs.  Many  of  these  wells  show  a  gravel  bed  immediately  beneath 
the  surface  soil,  although,  in  the  westernmost  and  deepest,  the  Water- 
man avenue  well  of  the  Rivei'side  Water  Company,  the  drill  passed 
through  140  feet  of  clay  before  entering  anv  extensive  gravel  bodv 

Wells  but  a  few  hundred  feet  apart,  as,  for  instance,  the  first  of  the 
new  wells  drilled  by  the  city  of  San  Bernardino  in  the  Antill  tract  in 
1904,  and  one  of  the  near-by  wells  of  the  Riverside  Water  Company, 
exhibit  such  disparity  in  the  succession  of  strata  that  a  clay  or  gravel 
bed  in  one  can  not  with  an}'^  certaintv  be  recognized  in  the  other. 
The  easternmost  wells  of  this  group  have  much  less  clay  than  those 
farther  west. 

Outside  the  artesian  area,  well  records  show  but  little  of  the  clay 
element.  A  number  of  records  have  been  examined  from  the  vicinity 
of  Arrowhead  station  eastward,  and,  as  is  to  be  expected,  the  drill  pene- 
trates a  succession  of  sand  and  of  coarse  and  fine  gravel  strata  with 
only  here  and  there  a  thin  bed  of  clay,  or  sandy  clay  or  hardpan.  The 
im]:x)rtant  element  in  artesian  conditions,  the  superincumbent  imper- 
vious cover,  is  absent  from  the  records  here,  and  it  is  quite  unlikely 
that  it  would  be  found  at  any  depth. 

The  wells  drilled  in  the  Ly tie  Creek  wash  likewise  show  a  preponder- 
ance of  coarse  material,  with  only  an  occasional  bed  of  clay  or  of 
(rement,  the  latter  acting  in  many  cases  as  the  impervious  cap.  In  the 
group  of  wells  about  the  old  cienaga  a  few  feet  of  peaty  soil,  repre- 
senting the  swamp  growth  on  the  original  site  of  the  springs,  is  pene- 
trated b}^  the  drill  near  the  surface.  One  record  gives  the  depth  of 
this  organic  matter  as  24  feet. 

The  records  discussed  thus  far  have  been  exclusively  from  the 
later  alluvium,  which  fills  the  present  valley  bottoms  and  is  much 
more  impoilant  as  a  source  of  water  than  the  older  folded  beds  of  the 
earlier  alluvium. 
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of  the  important  streams  -Lytle  Creek,  Cajoti  Creek,  East  Twin  Cre«-k. 
City  Creek,  Plunge  Creek,  Mill  Creek,  and  Santa  Ana  River— flow 
out  upon  the  later  alluvium  and  sink  into  it.     The  older  alluvitioj 
{fi'ts  only  the  \^x^a.\  rainfall  and  the  drainage  from  the  southern  >lo(x' 
of  the  San    Bernardino  Mountains  between    Mill 
"I  Creek  and  San  Goigonio   Pass.     The  amount  of 
water  seeking  underground   passive  through  thi' 
older  be<ls  is  many  timeti  less  than   that  whirh  i< 
concentrated  in  the  later,  so  that  whatever  carriirif: 
lOO-   and  scouring  power  water  percolatinj^undei^round 
may  have  to  clear  bowlder  l>eds  of  their  fine  inter- 
stitial mat4<rial  is  much  more  efficiently  exerted  in 
the  later  than  in  the  older  beds. 

It  is  to  l>e  remembered  also  that  the  earlier  allu- 
vium is  the  product  of  erosion  hi-ought  into  plar 
by  a  less  pronounced  relief  than  that  of  the  present, 
and  therefore  less  vigorous  and  yielding  finer  ma- 
terial. This  condition  may  have  had  its  influence 
30  o-  in  bringing  about  the  differences  which  exist  Ik*- 
tween  the  two  deposits. 

The  abrupt  changes  from  conditions  under  whicli 
extensive  coarse  l>owlder  l)eds  wer-e  deposited  tu 
those  resulting  in  the  deposition  of  tine  clays,  ii- 
''°°~  shown  in  the  well  sections  of  the  Sun  Bernanlinu 
cienagii,  admitof  twoor  threeexplanations.     Minor 
phenomena   of   this   character   are   probably  ade- 
quately accounted  for  on  the  hypothesis  of  shiftinp 
soo-   river  channels.     There  are  abundant  historical  ex- 
amples of  limited  action  of  this  kind,  if  historical 
proof  were  needed,  but  the  existence  of  an  alluvial 
fan  is  itself  proof  that  the  stream  which  built  it  ha' 
at  different  periods  flowed  down  different  radii  of 
the  fan.     A  stream  on  a  growing  fan  is  coostantk 
building  up  its  Ijed.    As  soon  as  that  l>ed  become^ 
enough  higher  tlian  an  adjacent  tract  to  give  thi' 
latter  astt'cper  grade,  the  stream  during  some  fliKxi 
°"   will  bn'ak  through  the  low  conlining  banks  which  il 
has  built  and  flow  in  the  more  advantageous  chanml 
until  that  has  been  built  high  enough  to  be  alian 
doned  in  turn  for  a  lower  course.     Thus  the  faii^ 
liriiihi'p-'  well  In  vii-  grow.     The  process  is  most  obvious  in  the  upper, 
steeper    parts,  where   stream  action   is  the   pan- 
mount  force.     It  is  prolmbly  essentially  the  same  in  its  lower  cour-*. 
but  with  less  abrupt  and  violent  action  and  more  effective  modification 
}}y  other  agencies,  such  as  the  growth  of  vegetation  and  the  formation 
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of  wind-blown  sand  dunes.  Yet  in  most  cases  it  is  very  effective  here. 
The  action  of  these  arid-land  streams  during  the  periods  of  flood  is 
like  that  of  normal  streams  in  that  the  greatest  volume  of  water,  the 
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swiftest  current,  and  the  greatest  carrying  power  are  concentrated  in 
a  main  channel  and  a  more  moderate  current  and  a  greatly  lessened 
carrying  power  are  found  outside  of  this  channel  on  the  adjacent 
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flooded  lands.  Coarse  and  heavy  material  is  therefore  transported  and 
finall}'  deposited  in  the  channel,  while  only  fine  material  is  carried  oat 
over  the  adjacent  flood  plain.  A  train  of  coarse  gravel  may  thus 
extend  from  the  head  of  the  fan  far  down  the  stream's  course,  while 
on  either  side  of  it  the  contemporaneous  deposits  are  fine  silts  which 
eventually  harden  into  impervious  clays.  When  a  river  channel  shiftr^ 
in  the  growth  of  the  fan  in  the  manner  sketched  above,  what  was  for- 
merly the  river  bed  may  be  abandoned  entirelv  or  be  reached  onlv  bv 
the  thin  edge  of  the  flood  waters,  which  deposit  only  sands  or  fine  silt>. 
These  are  in  this  manner  laid  down  over  previously  deposited  gravels 
producing  the  sharp  alternations  which  the  well  sections  often  i"eveal. 

Where  deep  and  lateral h'  extensive  bodies  of  gravel  exist  beneath 
the  present  surface,  such  as  the  one  which  underlies  the  Victoria  trad 
of  the  Gage  Canal  Compan}'^  and  apparently  extends  west  in  the  direc- 
tion of  Colton  as  far  as  the  Bunker  Hill  dike,  their  presence  at  lea^^t 
suggests  climatic  conditions  at  the  time  of  deposition  which  were 
different  from  those  of  the  present. 

Now,  gravels  are  deposited  only  in  the  narrow  washes  which  form 
the  channels  of  the  streams  and  only  as  incidentj!^  of  the  major  floods. 
In  the  lower  part  of  the  Santa  Ana  wash,  at  present,  the  greater  part 
of  the  surface  alluvium  is  sand,  bowlders  and  coarse  grav^els  beini,' 
relatively  unimportant.  But  the  gravel  stratum  under  consideration, 
which  is  from  100  to  200  feet  thick  over  an  area  of  at  least  one  and 
probably  of  several  square  miles,  appears  from  the  drill  records  to  Ix* 
even  coarser  and  heavier  than  the  surface  wash.  Seemingh'  the  con 
ditions  which  resulted  in  the  deposition  of  the  latter  are  s<*arcely 
adequate  to  account  for  these  coarse  cobbles.  It  may  be  that  slight 
differences  in  climate  existed  when  these  gi*avels  were  laid  down.  An 
increase  of  a  few  inches  in  the  annual  i*ainfall  at  present  would  greatly 
stimulate  stream  activity  and  result  in  transporting  coai'se  materia! 
to  much  greater  distances  from  the  canyon  mouths  than  now.  Esj>p- 
cially  would  this  be  true  if  such  a  period  of  increase  were  to  follow 
one  of  drought,  during  which  the  fans  were  steepened  by  the  dix>ppiiiir 
of  stream  loads  on  the  upper  slopes  because  of  the  decreased  trans- 
porting power  due  to  the  lessened  rainfall.  These  periods  of  increiised 
and  lessened  rainfall,  if  they  really  ai*e  to  be  regarded  as  one  of  the 
causes  of  the  alternation  of  coarse  and  of  tine  deposits,  must  have  been 
centuries  long.  Measured  in  inches,  the  accumulations  by  river 
deposition  are  very  slight  for  any  single  year.  One  or  two  hundred 
feet  even  of  coarse  alluvium  nmst  have  required  at  least  as  many  years 
to  accumulate  as  there  are  feet  of  material,  and  the  finer  deposits 
represent  a  much  longer  time,  as  they  represent  slower  deposition. 
Yet,  geologically,  the  time  required  for  the  filling  of  the  entire  San 
Bernardino  basin  has  been  but  short.  Well-preserved  trunks  of  trees 
are  cut  by  the  drill  at  depths  of  several  hundred  feet.    They  are  dark- 
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ened  and  perhaps  somewhat  flattened  by  the  weight  of  superincumbent 
material,  but  are  not  otherwise  greatly  altered.  They  have  been 
buried  centuries,  perhaps,  but  scarcely  epochs 

THE   CIENAGA. 

The  streams  of  an  arid  or  somiarid  region  normally  exist  as  surface 
flows  only  within  the  mountain  valleys  where  there  is  no  heavy  accu- 
mulation of  wash  over  the  bed  rock.  As  soon  as  they  reach  a  point 
where  a  considerable  mantle  of  ddbris  exists  they  sink  to  bed  rock  or 
to  the  ground-water  level  and  continue  their  course  by  percolation 
through  the  porous  accumulations.  This  was  the  habit  of  all  streams 
tributary  to  San  Bernardino  Valley  previous  to  their  appropriation  at 
the  canyon  mouths  for  irrigation  pui-poses.  Onl}'^  a  part  of  the  rarer 
floods  following  heavy  winter  rains  reach  the  sea  over  the  surface. 
Whenever  in  their  subterranean  course  the  waters  encountered  an 
impervious  barrier  of  any  kind,  they  accumulated  behind  it  until  they 
rose  to  its  level  and  flowed  over  it,  precisely  as  stream  waters  are  ponded 
back  of  a  dam  until  they  rise  to  the  level  of  its  crest.  When  such  an 
obstruction  extended  to  the  surface  of  the  ground  the  waters  were  forced 
out  as  springs  and  again  became  surface  flows.  In  southern  California 
these  lands  of  rising  waters  are  given  the  old  Spanish  name  "cienaga." 

(Jenerally  in  the  alluvial  material  where  ground  waters  exist  under 
pressure  the  compact  sti'atum,  whatever  be  its  nature,  which  confines 
them  is  not  entirely  impervious.  There  is  leakage  through  it,  and 
the  leaks,  when  they  extend  to  the  surface,  become  the  springs 
which  characterize  the  cienaga  lands.  In  almost  every  instance  those 
lands  which,  as  the  region  developed,  became  important  artesian 
basins  were  recognized  as  moist  land  before  development  through 
the  occurrence  of  these  springs,  but,  although  the  cienagas  in  so 
many  cases  proved  to  indicate  artesian  conditions,  and  the  greater 
artesian  basins  were  always  indicated  by  them,  a  few  of  the  minor 
basins  are  not  thus  marked,  and  the  distribution  of  the  springs  in 
the  important  basins  sometimes  fails  to  give  any  adequate  guide  to 
the  extent  or  outlines  of  the  artesian  area.  It  is  rare,  of  course, 
that  a  subsurface  dam  extends  just  near  enough  to  the  surface  to 
force  the  percolating  waters  out  without  expressing  itself  topograph- 
ically. A  ridge,  or  at  least  a  series  of  mounds,  is  apt  to  be  found 
athwart  a  stream's  course  along  the  lower  limit  of  the  cienaga  (PI. 
XI).  The  lands  just  above  this  are  flat  and  often  ill  di-ained. 
The  waters  rising  and  evaporating  here,  under  the  influence  of  the 
effective  southern  sun,  leave  behind  them  their  salt  content,  and  thus 
alkali  lands  may  result.  They  are,  perhaps,  less  characteristic  of 
the  valley  cienagas  than  of  the  rarer  and  less  extensive  examples 
occurring  in  the  desert.    The  drier  air  and  the  fiercer  heat  here,  acting 
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upon  a  smaller  water  supply,  cause  a  relatively  much  larg^er  evaix>ni- 
tion  and  result  in  the  deposition  of  a  greater  percentage  of  the  con- 
tained alkalies.  These,  in  some  instances,  act  as  a  firm  cementinj: 
material,  particularly  where  calcium  carbonate  is  an  abundant  salt.  ><« 
that  the  site  of  the  spring  may  be  built  up  into  a  low  alkaline  terrace, 
which  interrupts  the  even  slopes  of  the  desert  wash.  The  Box  S 
Springs,  just  north  of  the  San  Bernardino  Mountains,  are  an  exaniph 
of  this  class  of  cienaga. 

UNDERGROUND   CIRCULATION. 

A  fact  which  has  alreadv  been  frequently  mentioned  is  that  tin 
waters  of  the  living  mountain  streams  during  periods  of  normal  flo^ 
disappeai"  promptly  in  the  gravels  at  the  mouths  of  the  mountain 
can\'ons.  The  greater  discharges  of  the  minor  floods  are  likewix 
usually  absorbed  before  they  have  passed  far  out  upon  the  sti"eam 
washes.  Only  a  part  of  the  infrequent  greater  floods  escapes  to  the 
sea  as  a  surface  flow.  These  absorbed  normal  and  flood  waters  percf^ 
late  slowly  seaward  underground  along  courses  which  are  detx^/ininH. 
by  the  extent  and  permeability  of  the  valley  filling  and  by  the  pres- 
ence or  absence  of  impervious  obstructions,  such  as  buried  or  partly 
buried  bed-rock  masses,  or  of  folds  in  the  alluvium  itself,  which  nm 
deflect  or  obstruct  the  waters. 

When  experiments  have  been  made  to  determine  the  I'ate  and  dire* 
tion  of  movement  in  the  ground  waters,  it  has  usually  been  found 
that  the  flow  is  in  the  direction  in  which  the  geneml  water  plain* 
slopes,  although  local  exceptions  may  exist.  The  general  iK>siti<m 
and  attitude  of  this  plane  in  San  Bernardino  Valley  have  been  deter 
mined  at  two  periods  (PL  VII).  Its  slope,  although  not  uniform,  w 
general  toward  the  lowest  part  of  the  valley  occupied  by  the  Sania 
Ana  wash.  It  is  in  the  same  direction,  although  not  at  the  saim- 
rate,  as  the  surface  gradient.  The  seepage  of  the  underground 
waters,  which  is  generally  slow,  although  at  a  varying  rate,  is,  likt^ 
the  surface  slope,  toward  the  lowest  point  of  the  basin.  The  rate  o! 
seepage,  however,  is  much  greater  along  the  lines  of  the  porous  gnivt^ 
which  mark  the  washes  of  the  present  and  of  the  past  than  in  t.v 
interareas  of  sand  and  soil  and  clay.  So  great  is  the  difference  in 
rate  that  it  seems  likel}^  that  the  form  of  the  water  surface  undergt»e^ 
a  more  oi  less  regular  annual  alteration.  It  is  believed  to  arch  aloiJ*: 
the  line  of  the  washes  during  the  ramy  season,  draming  slowlv  from 
these  laterally,  toward  the  less  pervious  areas  on  either  side.  Dur- 
ing the  dry  season,  on  the  other  hand,  when  the  open  material  of  the 
washes,  draining  freely  because  of  its  porosity,  loses  its  waters  before 
the  adjacent  soils,  the  surface  of  the  water  plane  is  depressed  m  the 
vicinity  of  the  washes.  The  adjacent  lands  then  drain  toward  the 
washes,  as  they  drain  away  from  them  during  the  wet  season,     Such 
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a  zone  in  which  there  is  a  sea.sonal  reversal  of  the  direction  of  perco- 
lation may  be  expected  to  border  the  loose  gravels  of  all  flood- water 
channels  (fig.  10). 

The  checking  of  the  mte  at  which  the  water  moves  seaward,  as  soon 
as  it  sinks  into  the  rubble  of  the  valley  alluvium,  together  with  the 
fact  that  the  porous  buried  strata  through  which  it  percolates  have 
no  definite  banks  as  have  surface  streams,  results  in  the  spreading  out 
of  the  water  beneath  the  surface  into  a  broad  zone  through  which  it 
moves  seaward  at  varying  nites.  In  San  Bernardino  Valley  these  zones, 
representing  the  percolation  from  the  mountain  tributaries,  L3'tle 
Creek,  Cajon  Creek,  Devil  Canyon,  East  Twin  Creek,  Plunge  Creek, 
and  Santa  Ana  River  and  Mill  Creek,  and  in  winter  from  the  direct 
rainfall  within  the  valle}'  itself,  converge  in  the  basin  about  San  Ber- 
nardino into  the  wide,  irregular  area  40  or  50  square  miles  in  extent 
and  situated  near  the  center  of  the  valley,  which  is  especially  valuable 
because  of  the  accessibilitv  of  its  stored  water. 
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¥\r,.  10.— Dingraninialic  cTosM  secliuii  of  sutumer  iiiid  winter  water  table  benenlh  h  stream  channel. 

The  intemreas  between  these  zones,  where  they  are  saturated, 
probably  receive  their  waters,  in  part  at  least,  by  lateral  seepage 
from  the  zones  themselves.  The  rate  of  movement  through  the 
gravels  in  San  Bernardino  Valle}'  has  not  been  investigated.  Meas- 
urements of  the  nite  where  comparable  conditions  exist  have  been 
made  })y  Prof.  C.  S.  Slichter"  in  Mohave  River  near  Victorville,  Cal., 
and  in  the  Paso  de  Bartolo,  through  which  the  waters  of  the  San 
(jabriel  flow;  and  by  Mr.  Homer  Hamlin''  in  Los  Angeles  River  in 
and  above  Los  Angeles,  Cal.  At  Victorville  velocities  of  6,  8,  20,  35, 
48,  and  64  feet  a  day  were  determined,  and  an  average  of  50  feet  has 
been  assumed.  In  the  Paso  de  Bartolo  the  much  lower  rates  of  3^,  4, 
5i,  and  7  feet  a  day  were  determined.  In  the  extensive  series  of 
tests  made  by  Mr.  Hamlin,  extremes  ranging  between  0  and  90  feet  a 

rtSlichler,  Charles  S.,  The  motion.^  of  underground  waters.  Water-Sup.  and  Irr.  Paper  No.  67.  U.  S. 
Ge<)l.  Survey,  1902,  p.  43  et  neq. 

ft  Hamlin,  Homer,  Underflow  tests  in  the  drainage  btusin  of  Los  Angeles  River:  Wiiter-Sup.  and  Irr. 
Paper  No.  112.  U.  S.  Geol.  Survey,  1906. 
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day  were  measured.  Measurements  were  attempted  on  many  s^traU 
which  gave  results  lower  than  could  be  detected  by  the  methods  w^ 
Mr.  Hamlin  believes  that  his  methods  are  sufficiently  refined  to  mea>- 
ure  a  movement  of  less  than  1  foot  a  day,  so  that  where  no  flow  wa^ 
detected  it  is  assumed  that  the  alluvium  is  practically  impervious. 

The  average  flow  in  26  of  Mr.  Hamlin^s  tests,  all  of  which  gave 
measurable  rates  of  movement,  is  23  feet  a  day  in  round  numl>ei*s. 
Since  the  majority  of  these  tests  were  made  in  the  narrows  of  L<»^ 
Angeles  River,  20  miles  below  the  mouth  of  Tujunga  Can^'on,  it  may 
be  assumed  that  at  least  as  high  an  average  velocity  is  inaintaineii 
through  the  pervious  strata  in  the  Santa  Ana  River  wash  above  C\>l- 
ton.  It  may  be,  indeed,  that  a  higher  average  is  maintained  there. 
Twenty-three  feet  a  day  is  8,395  feet,  or  a  little  more  than  IJ  milcii.  a 
year.  At  this  rate  waters  which  enter  the  gi^avels  at  the  head  of  the 
Santa  Ana  wash  would  appear  at  the  Bunker  Hill  dike  seven  or  eight 
years  later.  The  facts  probably  are  that  a  portion  of  these  water> 
appears  there  in  very  much  less  time,  while  another  portion,  passing' 
through  less  pervious  strata,  requires  a  much  longer  time.  The  efi'et- 
tive  percolation  is  always  that  of  the  greater  rate  through  the  coarser 
material,  since  its  discharge  of  available  water  is  vastly  greater  than 
that  of  the  slower  percolation. 

The  fact  that  the  water  plane  all  over  the  basin  responds  promptly 
to  an  increase  of  rainfall  is  not  an  argument  against  the  deliberate 
movement  of  the  underground  water.  The  water  plane  rises  as  a 
hydrostatic  effect  of  the  introduction  of  more  water  at  any  point  within 
the  basin  and  not  as  a  result  of  flow  from  the  point  of  entry  to  all 
the  ix)ints  affected. 

The  rate  at  which  flood  waters  are  absorbed  by  the  alluvial  gi-avel- 
and  the  total  amount  thus  added  to  the  underground  reservoirs  by  any 
given  storm  are  matters  of  great  interest  but  are  difficult  to  determiw. 
Mr.  W.  B.  Clapp,  h3'drographer,  conducrted  a  series  of  measurements 
of  a  number  of  streams  in  southern  California  during  the  spring  of 
1903  to  determine  the  rate  of  absorption  of  flood  waters.  On  April 
16  of  that  vear  a  moderate  rain  accompanying  a  low  temperaturv 
resulted  in  a  small  flood  discharge  and  a  well-maintained  later  flow,  as 
much  of  the  precipitation  was  in  the  form  of  snow  at  the  greater  alti- 
tudes. On  April  24  the  streams  discharging  into  the  San  Bernardino 
basin  were  measured  and  the  proportions  of  this  flow  diverted  ar.d 
absorbed  were  determined.  The  measurements  were  made  with  a 
limited  force,  and  therefore  it  was  not  possible  to  carry  them  out  at  as 
many  points  as  was  desired.  Nevertheless  the  results  are  of  grrtt 
interest.  Similar  measurements  were  made  on  May  16  and  the  results 
of  both  are  shown  in  the  accompanN'ing  table,  which  gives  the  tolal 
amount  of  water  absorbed  b}'  the  alluvium  during  the  two  twent^'-four- 
hour  periods. 


MEN  DEN  HALL.] 


SAN    BERNARDINO    ARTESIAN    AREA. 


51 


AmourU  of  xviUer  dMuirged  in  twenty-four  hours  from  tributary  streams  and  sinking  in 

Sayita  A  na  River  basin  above  Cotton^  Cat. 

[W.  B.  Clapp.  hydrographer.l 
APRIL  24,  19U3. 
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The  rate  at  which  this  absorption  took  place  is  indicated  for  one  of 
the  streams,  the  Santa  Ana,  by  fig.  11.  During  the  earlier  measure- 
ment, that  of  April  24,  a  flood  of  197  second-feet  was  completely 
absorbed  in  8  miles,  while  on  May  16  a  flow  of  67  second-feet  had 
disappeared  within  a  distance  of  5  miles,  more  than  one-third  of  the 
loss  occurring  in  the  last  half  mile,  when  the  velocity  was  least. 

During  the  first  measurement  water  from  the  measured  streams  was 
flowing  into  the  underground  reservoir  at  the  rate  of  about  317  cubic 
feet  a  second,  and  during  the  last  measurement  at  the  rate  of  about 
100  cubic  feet  a  second.  It  is  of  interest  to  note  that  the  first  rate  is 
somewhat  more  than  double  that  at  which  water  is  withdrawn  from  the 
same  basin  during  the  irrigating  season,  while  the  later  measurement 
indicates  absorption  at  a  rate  equal  to  two-thirds  of  the  rate  of  with- 
drawal during  the  irrigating  season.  During  great  floods  this  recharge 
must  take  place  at  a  very  much  greater  rate,  but  it  is  evident  that  this 
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is  necessary,  since  it  continues  for  a  comparatively  brief  jjeriod,  while 
the  withdrawals  are  continuous  for  nine  or  ten  months  of  the  vear. 

ORIGIN   OF   HEAD   WITHIN   THE   ARTESIAN    BELT. 

The  alluvial  deposits  of  the  streams  tributary  to  the  San  Bernardino 
basin  have  been  laid  down  by  the  streams  as  they  have  built  the  slop- 
ing plain  upon  which  they  now  flow.  All  of  the  deposits,  fine  and 
coarse,  therefore  have  a  distinct  dip  toward  the  lowest  part  of  ih^- 
basin.  All  of  these  strata  abut  against  the  arch  in  the  earlier  alla- 
vium,  which  is  known  as  the  Bunker  Hill  dike.  Where  coar^ 
beds  in  the  lower  part  are  capped  by  finer  ones,  which   either  nn 
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Fig.  11. — Diiigram  showing  sinking  of  flcK.Kl  waters  of  Santn  Ana  Kivcr  in  strotim  bed, 

impervious  or  are  so  compact  that  water  leaks  upward  through  then: 
more  slowly  than  it  enters  the  coarse  underlying  strata,  artesian  coa- 
ditions  result.  As  the  gravel  and  bowlder  beds  and  the  finer  overhiiii: 
clays  and  sands  occur  at  a  number  of  horizons,  water  under  prcssurv 
is  found  at  a  number  of  depths  within  the  artesian  area.  The  we]l< 
whose  yield  has  been  greatest  are  of  moderate  depth.  Three  of  tte 
Gage  wells,  all  less  than  200  feet  deep,  flowed  more  than  400  inches 
of  water  each  in  1892.  Four  others  are  reported  to  have  yielded  n(wr 
300  inches  each  in  the  same  time.  Two  of  these  wells  were  300  feet  detj) 
or  less,  one  was  426  feet,  and  another  582  feet  deep.  All  have  ceased 
flowing  or  have  greatly  decreased  in  yield,  but  the  shallower  ones 
were  the  earliest  exhausted.     One  of  the  best  yielding  wells  of  the 
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Riverside  Water  Company  originally  was  a  330-foot  well  in  the  tract 
which  furnishes  the  city  of  Riverside  with  its  domestic  vSiippW.  Two 
other  famous  wells  belonging  to  the  water  company,  about  2  miles  east 
of  San  Bernardino,  flowed  between  150  and  200  inches  of  water  each 
when  they  were  fii*st  put  down.  They  were  drilled  in  1900,  and  have 
been  among  the  most  productive  of  the  late  wells.  The  yield  from 
them  has  fallen  off  greatly  of  late,  but  they  have  not  ceased  to  flow. 
One  of  the  new  wells  put  in  by  the  city  of  San  Bernardino  in  the 
Antill  tract  in  1904  measured  at  the  time  of  its  completion  somewhat 
more  than  90  inches.  A  984:-foot  well  belonging  to  the  Riverside 
Water  Company,  situated  near  the  intersection  of  Waterman  avenue 
and  Third  street,  and  3Melding  about  120  inches,  is  now  one  of  the 
strongest  flowing  wells  in  the  valley,  although  earlier  wells  have  at 
some  time  flowed  several  times  as  much.  The  experiences  of  the 
water  companies  go  to  show  that  while  the  coarsest  gravels  and  the 
freest  flows  have  been  secured  at  very  moderate  depths,  the  head 
under  which  these  waters  exist  is  easily  drawn  down.  The  deeper 
wells  are  more  lasting,  although  usuall}'^  more  moderate  in  their  first 
yield. 

A  not  unusual  experience  in  San  Bernardino  Valley  is  to  secure  a 
first  flow  from  a  shallow  well  100  or  200  feet  deep,  and  after  this  has 
cejised  to  flow  with  the  lapse  of  years,  to  sink  a  deep  well  in  the  same 
vicinit}'  and  again  secure  a  satisfactory  flow  from  a  lower  horizon. 
The  direct  inference  from  these  phenomena  is  that  the  water-bearing 
beds  are  separated  by  intervening  strata  of  cla^^  or  fine  sand,  and  so 
are  independent  sources  of  water  under  different  heads.  Another 
hypothesis  advanced  by  the  engineers  of  the  district  is  that  all  the 
waters  of  the  basin  are  under  the  sjime  head,  originating  in  the  lowest 
artesian  stratum,  but  that  much  pressure  is  lost  through  frictional 
resistance,  as  these  waters  rise  from  the  lowest  level  through  fine- 
grained beds  to  the  coarse  beds  above;  when  they  are  tapped  at  a 
higher  level,  therefore,  they  are  under  much  less  pressure  than  when 
tiipped  at  deeper  points.  This  hypothesis  requires  that  all  pressures 
originate  in  a  lower  bed,  and  means  that  all  of  the  artesian  waters  within 
the  San  Bernardino  cienaga  rise  from  this  lowest  horizon. 

The  other  hypothesis,  that  of  separate  water  horizons  with  inde- 
pendent intakes — those  of  the  shallower  beds  well  down  from  the  can- 
yon mouths  toward  the  center  of  the  basin,  those  of  the  deeper  beds 
farther  up  toward  the  head  of  the  alluvial  fan — supposes  all  the  waters 
to  be  simply  percolating  waters  at  an}'  horizon,  which  have  been  caught 
beneath  the  upstream  edges  of  the  various  impervious  clay  masses  as 
thev  have  worked  seaward.  Since  these  days  exist  at  various  hori- 
zons,  their  confined  waters  are  tapped  at  various  depths. 

To  determine  which  of  these  hypotheses  is  correct  would  require  a 
series  of  carefidly  conducted  experiments  upon  the  interdependence 
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of  deep  and  shallow  wells.  The  experimifnte  first  conducted  by  Pro- 
fessor Hilgard"  upon  the  interdependence  of  tbe  wells  of  the  Ciage 
canal  system  in  18Hi)  throw  no  light  upon  the  relations  existing 
between  wells  of  greater  and  of  lesadepth,  since  the  only  wells  availaMe 
for  measurements  and  in  any  way  involved  at  that  time  were  the  eariv 
shallow  bores  less  than  2(10  feet  deep. 

The  later  extensive  series  of  records  made  by  the  engineers  of  the 
Gage  system  in  the  fall  of  18!t'2  upon  the  55  wells  which  were  the 
source  of  supply  for  the  canal  at  that  time,  while  not  carried  out  wiih 
the  idea  of  distinguishing  between  deep  and  shallow  wells,  or  of  .show- 
ing the  interdependence  of  these  grouped  according  to  their  depth,  do 
throw  some  light  upon  the  problem.  The  essential  results  of  the« 
measurements  are  assembled  in  the  following  table: 

RecoriU  of  velh  of  Gage  eanal  *yettm,  tkm  Benuirdina,  Cal. 
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The  total  flow  when  all  the  wells  were  open  was  52  per  cent  less  than 
the  cumulative  total  yielded  by  adding  the  results  obtained  by  meas- 
uring each  well  when  all  others  were  closed.  If  the  wells  are  grouped 
according  to  depth,  however,  some  significant  relations  are  brought  out. 

Of  the  55  wells,  39  are  less  than  200  feet  deep.  The  decrease  in  the 
individual  flow  of  these  wells  from  a  maximum,  when  all  but  one  are 
closed,  to  a  minimum,  when  all  are  open,  ranges  from  25  to  100  per 
cent,  and  the  total  when  all  are  open  is  62  per  cent  less  than  the  cumu- 
lative total.  Eleven  of  the  55  wells  are  between  200  and  500  feet 
deep.  The  decrease  in  the  flow  of  individual  wells  in  this  group, 
resulting  from  the  opening  of  all  the  wells,  varied  between  0  and  63 
per  cent,  and  the  falling  off  from  the  cumulative  total  to  the  final 
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total  was  33  per  cent,  about  half  that  of  the  much  larger  group  of 
shallower  wells.  A  third  group  of  5  wells,  ranging  in  depth  from 
500  to  nearly  800  feet,  showed  individual  decreases  in  flow,  as  tht^ 
other  wells  were  opened,  from  0  to  37  per  cent,  with  an  average  of  1^ 
per  cent — much  less  than  either  of  the  shallower  groups.  When  the 
wells  are  grouped  in  this  way  and  the  data  examined,  it  is  clear  that, 
on  the  whole,  the  deep  and  the  shallow  wells  behaved  very  differentlv 
during  the  tests. 

The  shallowest  wells,  forming  the  largest  group,  show  the  great^^^t 
individual  and  average  decrease;  a  second  group,  intermediate  in  num- 
ber of  wells  and  In  depth,  shows  an  intermediate  decrease;  while  th*- 
smallest  group,  consisting  of  the  deepest  wells,  shows  the  least  fallincr 
off  in  yield  as  the  other  wells  are  opened. 

It  seems  safe  to  conclude  from  this  showing  that  there  is  not  free 
connection  between  the  shallower  and  the  deeper  water-bearing  hori- 
zons; indeed,  the  wells  of  each  group  behave  much  as  would  \w 
expected  if  they  tapped  wholly  indepc^hdent  sources  of  water.  It  is  ii(»t 
probable,  however,  that  this  is  true.  The  irregular  character  of  the 
alluvial  deposits,  the  abundant  unconformities  and  local  channels  within 
them,  and  the  fact  that  each  bed  of  cla}'  and  gi"avel  is  probably  quitJ^ 
limited  in  lateral  extent,  make  it  probable  that  imperfect  and  devioib 
connections  exist  between  the  deeper  and  the  higher  water-bear in<r 
horizons.  The  alluvial  fans  do  not  give  the  ideal  artesian  conditions  of 
a  practically  impervious  cover  and  a  pervious  underlying  stratum,  but 
rather  of  a  less  pervious  superincumbent  bed  and  a  more  pei-viou^ 
water-carrying  bed  below.  Just  as  the  water  leaks  through  the  toj>- 
most  da}'  cap  of  the  Warm  Creek  and  Santa  Ana  basins  to  the  sur- 
face as  springs,  so  it  probabl}^  leaks  from  the  lower  horizons  into 
the  upper.  So  long  as  this  leakage  is  less  rapid  than  the  supply  of 
water  to  the  bed  through  natural  sources,  pressure  will  be  maintaine^l 
and  artesian  conditions  will  continue.  Imperfect  connection  of  th\^ 
sort  probably"  exists  between  the  chief  water-bearing  horizons  through 
out  the  artesian  basin,  and  it  may  account  for  the  re|X)rted  sensitive 
ness  of  deep  or  shallow  flowing  wells  to  pumping  in  shallow  or  deep 
ones  near  by. 

DECLINE   OF  THE   W^ATERS. 

Water  users  thioughout  the  valley  have  felt  in  various  ways  t\v 
general  diminution  of  the  supply  of  underground  waters  within  tiif 
last  ten  years.  The  large  irrigating  and  domestic  companies  have 
been  affected  through  the  lessened  flow  of  surface  streams  upon  whi(h 
they  formerly  depcMuled  for  a  large  part  of  their  supply  or  through 
the  diminished  yield  of  wells  and  the  necessity  of  installing  pumpin«r 
plants  where  originally  naturally  flowing  wattM*s  suflSced. 

Local  users,  ranchers,  and  otli(»rs  have  found  that  lands  formerly 
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moist  enough  for  pasture  and  ordinary"  crops  are  now  dry  and  require 
irrigation,  and  that  domestic  wells  must  be  frequentl}'^  deepened  in 
order  to  follow  the  declining  ground  water.  In  some  cases  the  ques- 
tion of  supply  is  becoming  acute  and  the  increased  cost  of  water 
almost  prohibitive  for  certain  crops  in  unfavorable  localities.  Per- 
sonal bitterness  often  results  and  suits  arc  instituted  to  prevent  devel- 
opments on  adjacent  land. 

Al)out  the  geneml  fact  of  the  decline  of  the  ground  waters  and  of 
the  lessened  How  of  wells  there  is  no  dispute  (fig.  12  and  PI.  VII). 
The  relation  of  this  decline  to  decreased  rainfall  on  the  one  hand  and 
to  the  drafts  upon  the  stored  underground  waters  through  develop- 
ments of  various  kinds  upon  the  other  is  a  subject  of  earnest  discus- 
t^ion,  and,  indeed,  upon  a  correct  answer  to  it  must  depend  the  future 
attitude  of  the  citizens  toward  further  reclamation  of  lands  and  toward 
the  successful  maintenance  of  a  part  of  those  already  reclaimed. 

Changes  in  water  lerel  in  irelU  in  Redlands  tjuadrangle  between  1900  and  1904. 
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IS., 


R.3VV 
R.3W 


T. 
T. 
T. 
T. 
T. 


IS., 
1  S., 
1  S.. 
1  S., 
1  S.. 


R.3\V. 
R.3\V. 
R.  8  W 
R.3VV. 
R.3W. 


IS.. 

131  I  J.  J.  Pendergast I  Sec.  29,  T.  1  S., 

1  S., 


132  ;  H.  H.Cole 

aDryat  1,365  feet. 


, '  Sec.  30. 

M902, 1,240  feet 


T. 


R.  3VV 
R.3W. 
R.3W. 
C1902, 


Feel. 
l,99t; 
2,0a'S 
2.250 
1,910 
2, 075 
1,720 
1,570 
1,420 
1,503 
1,250 
1,215 
1.200 
1,210 
1,123 
1.140 
1,200 
l,19;i 
1.186 
1,246 
1,290 
1,267 
1,245 
1,257 
1,220 
1,290 
1,220 
1,167 
1,1<>4 
1,195 
1,200 
1,140 
1,300  feet. 


Feet. 
1,718 
1,93:? 
2,225 
1,818 
2,a52 
1,560 
1,394 
1,270 
1,3G3 
1,140 
1,135 
1,200 
1.156 
1,073 
1,110 
1,170 
1,154 
1,150 
1,194 
1,203 
1,217 
1,194 
1,192 
1,170 
1,180 
1,180 
1,13:? 
1.130  I 
1,162  I 
1,166 
1.108 
dDry 


Fret. 
Dry. 
1,955 
2. 223 
1.832 
2,062 
1,556 
(") 
('') 

Dry. 

1,182 
1,187 
l,aT5 
1,085 
1,137 
1,143 
1,131 
1,176 
1,187 
1,185 
1,175 
1.16(1 
1,145 
1,180 
1,155 
1,137 
1,113 
1,147 
1,1.59 
1,095 
at  1,125 


Fat. 

-  3  + 
+22 

-  2 
+  14 
+  10 
-  4 
-29  + 
-30  + 

-  3+ 
-00  + 
-10  + 
-18 
+31 
-18 
-25 
-43 
-11 

-25 

-18 

-16 

-32 

19 

-26 

-25 

0 

-  23 
+  4 

17 

-  15 

-  -   i 
-13 


feet. 
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Changes  in  water  level  in  wells  in  Redlands  quadrangle  belioeen  1900  and  1904 — Continnei. 


No.  of 


129 
145 

iftr> 

•J89 
290 
291 
292 
334 
STiO 


Owner. 


Location. 


H.  R.  Scoit Sec.  19.  T.  1  8.,  R.3W 


Eleva- 
tion of 
surface. 


Elevation  of  water. 


1900. 


1901. 


E.  F.  Van  I^iiven, 


Sec.  25,  T.  1  S..  R.4W. 


F.MorrlH Sec.  32,  T.l  S..R.3W. 

N.Sutherland |  Sec.  4,  T.  1  S..  R.  3  W. 

PattecitNye Sec.  5,  T.  1  8..  R.  3  W. 

G.  J.  Fowler i do 

R.  F.  Cunningham ' do 

Mrs.  HawH '  Sec.  6,  T.  1  S.,  R.  3  W, 

Jane  ('.  (loodman do 


386  ,  State  of  California  Hospital. 


Sec.  5,  T.  1  S.,  R.  8  W. 


Feel.     I 
1,120 
1,108  ; 
1.260  ' 
1,227 
1,200 
1,180 
1,160  i 
1,125  ! 
1,140 
1,110 


FeeL 
1.108 
1.083 
1.195 
1.160 
1.150  i 
1.127  ' 

1.1»  I 
1,125 
1.128 
1,078 


Pert, 

(«) 

1,070 

1.165 

1.134 

1,126 

1,110 

1.105 

1,115 

1,106 

1.064 


ChaniTr 

in  wairr 

level- 


Fr*L 

-U 
3P 

-36 

-i: 

-10 

-  *ji'' 

-  14 


a  Dry  at  20  feet. 
Changes  in  water  level  in  wells  in  San  Bernardino  quadrangle  between  1900  and  19<i4. 


No.  of 
well. 


73 

'«! 

7S 

104  ! 

178  I 

181 

189  I 

199 

201  ' 

277 

280  ' 

282  I 

3I(> 

317 

317a 

318 

319  I 

329 

341 

3.>4 

357 

:V)4  ' 

:^)7 

370 

375  , 

3S9 

WWS 

400 

41«  I 

445 

45() 

457 

458  I 

470  ' 


Owner. 


Location. 


W.  L.  Zader ,  Sec.  29,  T.l  S..  R.4  W. 

Mrs.  B.  R.  Atlcins j  Sec.  30,  T.  1  S.,  R.  4  W. 

VV.  G.  Soares do 

Riverside  Trust  Co Sec.  24,  T.  1  8.,  R.  4  W . 

G.  W.  Curtis ' do 

W.  A.  Thoma.s ; do 

E.  M.  Cooley Sec.  27.  T.  1  S..  R.4  W. 

Washington  School do 

Fred  Pooles '  Sec.  38,  T.  IS.,  R.4W. 

G.  Renwick i  Sec.  8.  T.  1  S..  R.  4  W. 

E.  Memory '  Sec.  20,  T.  1  S..  R.  4  VV. 

C.  H.  Westrayer j  .Sec.  8.  T.  1  S.,  R.  4  W. 

Geo.  M.  Cooley ,  Sec.  36,  T  1  N..  R.  4  W. 

do ' do 

do do 

E.  J.  Stiles Sec.  aS,  T.  1  N..  R.  4  W. ' 

Jas.  Dickson do 

Muscupiabe  Land  and  Water  '  Sec.  23.  T.  1  N.,  R.  4  W. 
Co. 

H.  N.  Stones Sec.  34,  T.  1  N.,  R.4  W. 

S.  F.  Kelley Sec.  28.T.  1  N.,  R.4W. 

S.  H.  Johnson do 

F.  Alvarado Sec.  32.T.  1  N.,  R.4  W.j 

D.W.White Sec.  4,  T.  1  S.,  R.  4  W.' 

F.  L.  Holcomb i  Sec.  33,  T.  1  N..  R.4W. 

Dexter  Field ,  Sec.  5,  T.  1  S.,  R.  4  W. 

S.  E.  A.  Palmer Sec.  33,  T.  1  N.,  R.4  W. 

N.  M.  Swnrthout do 

J.  II.  Lytic do 

H.  H.  Hum vSec.  34,  Tl  N.,R.  4W. 

A.  W.  Beinis Sec.  5,  T.  1  S.,  R.  4  W. 

M.  D.  Reynolds .....do 

J.F.Cadd '  Sec.  4.  T.  IS.,  R.  4  W. 

H.  E.Gardner I  Sec.  5,  T.  1  S..  R.  4  W. 

Charles  Morris '  Sec.  26,  T.  1  S.,  R.  4  W. 


Eleva-    '  Elevation  of  water,    change 

tion  of    \ j  in  water 

surface.        1900.  1904.     <    level. 


Fuel. 

Feet. 

Feet. 

1 

Fert. 

980 

930 

9a) 

-It 

980 

938 

923 

-] 

875 

871 

853 

.^     • 

1,077 

1,077 

1,0?.! 

^^"    * 

1,088 

1,063 

1.045 

-:• 

1,078 

1.076 

1.068 

a 

1,019 

959 

977 

-I' 

1.043 

966 

961 

-  5 

956 

907 

895 

-IJ 

1,090 

1,055 

1.050 

' 

982 

927 

920 

—  * 

1,069 

1,062 

1.048 

n 

1,150 

1.108 

1,090 

-h 

1,150 

1,108 

1,090 

i* 

1,150 

1,108 

1,090 

•« 

1,196 

1.157 

1,146 

-11 

1,179 

1,145 

1.131 

-14 

1,288 

1,143 

1, 115 

•H 

1,141 

1.067 

1.078 

-    J 

1,170 

1,121 

1.095 

_> 

1,182 

1.122 

1,082 

-♦' 

1,188 

1.135 

1,118 

-r 

1,109 

1.089 

1,074 

•  • 

~"  ft 

1,128 

1,100 

1,078 

_  >i 

1,147 

1,112 

1.089 

-.3 

1,176 

1.124 

1.099 

-3 

1,142 

1,115 

1,094 

:i 

1,166 

1;135 

1.086 

© 

1,121 

1.090 

1,075 

-:.T 

1,114 

1.104 

1.077 

-5 

1,116 

1,094 

1,076  ' 

-U"^ 

1,068 

1,057 

1,052 

-  5 

1,089 

1,079 

1,063 

-18 

1,078 

1,063 

1,054 

-  9 
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At  one  point  within  the  valley  systematic  measurements  of  the 
water  level  have  been  continued  through  a  term  of  years.  For  these 
measurements  we  are  indebted  to  the  Gage  Canal  Company,  its  enlight- 
ened management,  and  its  able  engineers.  The  "Williams"  well, 
in  which  these  measurements  have  been  made,  is  near  the  east  end 
of  the  Victoria  tmct,  and  on  the  south  side  of  Santa  Ana  River. 
In  1892  and  in  the  spring  of  181)3  this  was  a  flowing  well.  It  has  not 
flowed  since,  but  each  year  it  has  declined,  until  in  June,  1904  the 
water  level  was  38  feet  below  the  surface  (fig.  12). 

During  the  three  years  preceding  1898  the  measurements  were  made 
only  at  long  intervals  and  the  details  of  the  decline  were  not  deter- 
mined. Since  that  date  measurements  have  been  made  frequently,  and 
it  is  found  that  while  the  average  condition  is  one  of  decline,  this  is  at 
a  varying  rate,  and  is  interrupted  by  periods  of  rise,  so  that  a  profile 
of  the  attitude  of  the  water  plane,  with  months  used  as  the  time  units 
and  feet  as  the  units  of  elevation,  exhibits  a  series  of  pulsations,  the 
water  level  rising  each  spring  in  consequence  of  the  winter  rainfall 
and  declining  from  that  time  until  after  the  beginning  of  the  next  rainy 
season.  These  upward  movements  were  especially  marked  during  the 
springs  of  1901  and  1903,  the  minfall  at  San  Bernardino  in  the  preced- 
ing winters  having  been  heavier  than  the  average  for  thirty-four  years. 
Between  the  1st  of  October,  1900,  and  the  1st  of  April,  1901,  the  water 
level  rose  nearly  9  feet,  and  a  rise  of  8  feet  is  shown  between  Febru- 
ary 1  and  June  1,  1903,  but  the  crest  of  the  1903  rise  was  10  feet  lower 
than  that  of  the  spring  two  years  before,  showing  clearly  the  marked 
general  lowering. 

Again,  a  curve  showing  the  average  decline  since  observations  began 
is  markedly  steeper  during  the  period  from  1896  to  1900  than  before 
or  since,  thus  indicating  that,  however  man}'^  causes  have  been  oper- 
ative in  producing  the  effect  observed,  the  diminished  rainfall  during 
those  dry  yeai*s  was  a  most  potent  factor.  The  situation  of  this  well 
near  Santa  Ana  River  results  in  prompt  responsiveness  to  periods  of 
heavy  precipitation  or  of  drought,  and  accounts  for  the  strongly 
marked  annual  fluctuations  in  water  level,  which  are  not  observed  in 
wells  at  greater  distances  from  important  waterways.  In  the  latter 
cases  the  percolation  of  the  flood  waters  for  long  distances  through 
sand  and  gravel  smooths  out  the  waves  and  reduces  them  to  an  average. 

Mr.  Gudeman  Johnson,  north  of  San  Bernardino,  has  kept  a  record 
of  the  water  level  in  his  well  for  some  years  past,  and  while  there  are 
some  long  intervals  in  it  during  which  no  measurements  were  made, 
it  is  sufficiently  full  to  show  the  absence  of  such  marked  annual  pul- 
sations as  are  characteristic  of  the  Williams  record.  Yet  its  general 
results  are  identical:  It  shows  a  decline  of  27  feet  from  June,  1899, 
to  June,  1904,  a  lowering  of  the  plane  of  saturation  of  more  than 
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5  feet  a  year.  It  likewise  sDowa  a  markedly  steeper  gradient  for  th*- 
dry  period  preeedinfT  1901  than  for  the  four  seasons  following,  during 
two  of  which,  190<)-1!I01  and  1902-3,  the  precipitation  at  San  Ber- 
nardino has  l>een  above  the  average  of  the  last  thirty-four  year^. 
although,  since  the  deficiency  during  1901-2  and  1^(03-4  was  greatt-r 
than  the  excess  for  the  other  two  winters  of  the  four,  the  final  re-uh 
is  a  deficiency  for  the  period  of  more  than  5  inches  (fig.  13). 

Although  outside  San  Bernardino  Valley  and  influenced  somewhat 
by  lot^al  conditions,  a  profile  of  the  water  plane  at  Anaheim,  Cal..  i- 
determined  by  Mr,  J.  B.  Neff,  is  here  introduced  for  compari>i>ti 
(fig.  14),  and  for  general  confirmation  of  the  effect  obKer\-e<l  in  tlv 
case  of  the  interior  wells.     The  total  decline  of  the  water  level  ii. 


this  well  from  the  beginning  of  ol)servation3  in  February,  189(i.  lo 
January  1, 1905,  is  27  feet  8  inches.  In  this  well  also  the  lowering  of 
the  water  level  was  much  more  rapid  during  the  years  preceding  the 
winte'r  of  191X)-1901  than  since.  Jn  it  also  there  is  a  definite  rise  of 
the  water  plane  during  the  early  months  of  1901  and  1903,  althouifli 
this  rise  is  of  smaller  magnitude  than  in  the  case  of  the  Williams  well. 
The  signiticant  thing  atwut  all  of  these  profiles  is  that  the  gHin 
effected  during  the  winters  of  slight  excess  was  in  ea«'li  instance  l<i?l 
before  the  end  of  the  succeeding  dry  season.  Only  two  doubtful 
points  can  Ik*  selected  in  the  Williams  profile  in  which  the  grourxl- 
water  level  is  higher  than  at  a  corresponding  time  during  the  previcms 
year.  These  two  points  are  the  ci-ests  of  the  floods  of  1901  and  ISHfl. 
and  in  every  ca-^c  the  lowest  ix»iiit  i)f  any  particular  jear  is  lower 
than  the  lowest  point  of  the  preceding  year.     This  is  true  of  the  year^ 
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190it-l!tni  and  1902-3.  during  which  the  rainfall  was  2  inches  above 
the  average.     The  loss  in  these  cawerf  was  iiniall,  but  distinct. 

In  Mr,  Ners  well,  at  Anaheim,  where  the  pulsations  are  distinctly 
lesH  in  magnitude,  the  loss  Itetween  June  I,  1903,  and  .Tune  1,  1904, 
was  '2  inches,  and  botwecn  November  4,  1900,  and  November  S, 
1901,  3  inches.  These  dates  arc  the  most  favorable  that  can  be 
selected,  and  each  pair  spans  a  year  during  which  the  rainfall 
exceeded  the  average  by  aWut  2  inches,  or  over  13  per  cent.  Years 
of  more  than  average  pro(^ipitation,  then,  have  very  decidedly  checked 
the  rate  of  decline  of  the  ground  waters,  but  have  not  brought  alK>iit 
a.  cossjition  of  that  decline.  The  average  precipitation  will  lie  even 
less  efficient,  and  if  maintained  through  a  term  of  years  during  which 


there  should  be  no  change  in  the  amount  drawn  from  the  ))asin,  the 
surface  of  the  stored  subterranean  waters  would  inevitably  continue 
to  fall,  although,  of  course,  at  a  less  alarming  rate  than  during  the 
]X'riod  preceding  the  winter  of  1900-lWl. 

It  is  not  possible  with  the  data  at  hand  to  predict  the  effect  of  a 
series  of  wet  years  like  the  decade  from  lSfj3  to  1893,  but  such  a  pro- 
longed wet  period  is  not  likely  to  occur  again  within  a  generation.  A 
scrutiny  of  the  available  records  shows  that  it  has  not  been  duplicated 
in  a  half  century. 

A  very  large  percentage  of  a  moderate  precipitation  evaporates  at 
once  or  is  required  to  moisten  the  surface  soil.  The  proportion  which 
as  run-off  becomes  available  for  recharging  the  .-jubterranean  reser- 
voirs increases  at  a  rapidly  accelerating  rate  as  rainfall  increases.  At 
the  same  time  less  irrigation  is  necessary  during  winters  of  heavy 
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rainfall,  and  a  largR  proportion  of  the  reduced  irrigation  is  accom- 
plished by  surface  waters,  the  streams  during  such  seasons  flowing 
near  their  maximum.  Hence,  at  such  a  time,  drafts  upon  the  under- 
ground supplies  are  diminished  and  additions  to  them  are  increa>ed. 
resulting  In  a  rapid  improvement  of  conditions.  Our  profiles  of  water 
levels,  however,  indicate  that  such  improvements  will  not  be  perma- 
nently effective  in  the  San  Bernardino  basin  unless  the  minfall  i.-^  id 
excess  of  17i  inches,  and  records  indicate  that  only  one  year  in  three 
exhibits  such  an  excess. 


Accompanying  this  decline  of  the  gi-ound  waters  there  lias  bt'en  i 
definite  decrease  in  the  extent  of  the  artesian  basin.  The  8an  IWr- 
nardino  basin  was  probably  about  at  its  maximum  late  in  the  eig^ht  ii.';-. 
At  that  time  its  area  was  approximately  30  square  miles.  In  l!"w'. 
after  the  three  especially  dry  winters  of  1898,  18»y,  and  1900,  it  haJ 
shrunk  to  appro.ximately  15. S  square  miles,  and  at  the  beginning  o! 
1904  there  had  been  a  further  slight  shrinkage  to  14  square  milft- 
(PI.  VII). 

A  plienonienon  which  expresses  the  .same  condition  as  the  fallini^ 
water  plane  and  the  decrca^iing  artesian  area  is  that  of  decre^isiitf 
pressure  within  the  artesian  belt.  This  results  in  a  falling  off  in 
artesian  flow  and  a  lessening  of  the  yield  from  springs  which  rise  in 
the  moist  lands.    The  following  table,  in  which  the  amounts  of  natural 
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rising  waters  and  of  developed  waters  within  the  basin  during  the  last 
six  years  are  shown,  indicates  the  character  of  this  change. 


Oomparieon  by  ymrn  offiomnij  uiiter  and  drrtloped  uvIit  above  CoUoii,  Cat. 
I Kingtbury  Sanborn,  obwrver.] 


September,  18H8 

Angnst,  1899 

September,  1900 

September,  1902 

August  and  September, 
August,  1904 


^rJ"" 

I)i-veio,*rt 

78.31 

!<mmd-/eii. 
6tt.3g 

44.68 

65.46 

54.18 

71.42 

38.52 

81.69 

4S.  55 

1011. 70 

38.02 

1ft'-.  36 

120.21 
155. 25 


The  measmenients  indicate  an  irregular  hut  none  the  le.ss  marked 
decrease  in  the  natural  flowing  waters  accompanying  an  equally 
marked  increase  in  the  quantity  of  developed  waters.  The  latter  has 
been  made  necessary  in  order  that  the  total  supply  might  be  kept  up. 
The  causes  of  these  shrinkages,  which  have  been  thus  set  forth  in 
some  detail,  are  twofold—the  decreased  i-ainfall  of  the  lust  decade, 
and  the  increased  development  of  waters  during  the  same  and  a  pre- 
ceding period. 
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The  average  rainfall  at  San  Bernardino  during  the  last  thirty-four 
3'ear8,  which  may  be  accepted  as  typical  of  the  upper  valley,  has  been 
15.06  inches.  This  should  be  within  2  per  cent  of  the  final  correct 
average  rainfall  for  that  point.  While  on  the  southern  slopes  an  J 
summits  of  the  San  Bernardino  Mountains  the  precipitation  has  bet-n 
heavier,  and  in  parts  of  the  lowlands  more  remote  from  the  mountain^ 
it  has  been  lighter,  the  percentages  of  variation  from  the  normal  at 
any  selected  point  ma}'^  be  safel}'  assumed  to  be  approximately  equal 
to  that  at  San  Bernardino.  Here,  while  the  general  average  is  15J»*. 
inches,  the  average  for  the  last  eleven  years  is  12.14  inches,  giving  a 
total  deficiency  of  over  32  inches  for  that  period,  and  for  the  lii>t 
seven  years  the  average  has  been  but  11.36  inchcvS  a  year.  Such  a 
deficiency  in  a  region  where  all  the  normal  run-off  is  appropriat<?d  at 
the  canyon  mouths  and  only  the  excess  is  set  free  to  recharge  the 
gravels  that  form  the  underground  reservoirs  mej^ns  a  proportionate) r 
very  large  reduction  in  the  latter  element.  And  necessarily  durinif 
years  of  drought  the  drain  upon  the  underground  supply  is  greatir 
than  during  >^ears  of  normal  or  excessive  rainfall,  because  during  th«* 
latter  periods  scvei'al  of  the  winter  irrigations  may  sometimes  K 
omitted,  the  flowing  wells  capped,  and  the  pumping  plants  shut  do>\u 
for  a  time.  Hence,  in  addition  to  the  dec  revised  supply'  there  havt^ 
been  increased  demands  on  the  underground  waters  during  the  la'4 
ten  years,  demands  independent  of  the  gradual  increase  in  water 
required  l)y  increasing  acreage  and  the  greater  maturity  of  grovc»s. 

Enterprises  like  the  Bear  Valley  dam  and  the  suggested  reservoir 
at  Fiiirea  Flat,  on  the  upper  Santa  Ana,  although  most  econoinit^l 
when  the  region  as  a  whole  is  considered,  necassarily  reduce  tb 
amount  of  water  availa})le  for  recharging  the  gravels  below  them  aiil 
thus  act  unfavorably  upon  the  districts  dependent  upon  the  supply  in 
these  gravels  for  irrigation.  These  dams  retain  practicall3'^  all  tb 
water  which  falls  above  them  in  their  respective  drainage  basins,  ^' 
that  this  supply,  instead  of  escaping  during  the  winter,  to  be  absor}>tii 
in  large  part  l)y  the  gravels,  is  stored  and  used  for  irrigation,  and  tb 
underground  reservoirs  receive  only  the  uncertain  amount  of  return 
waters  from  the  groves. 

In  addition  to  these  reductions  in  the  supply  through  decrea>«ii 
rainfall  and  developments  at  the  headwaters,  there  have  been  manr 
additional  wells  sunk  within  the  basin  for  domestic  supplies  for  tih' 
growing  tributary  cities;  by  the  old  established  companies  to  maintaii 
the  supply  necessary  to  preserve  the  acreage  served  by  them  and  to  make 
up  for  the  loss  through  the  shrinkage  of  surface  streams  like  Warn 
Creek  and  the  Santa  Ana,  at  one  time  a  prolific  source  of  irrigation 
water;  and  by  new  companies  for  the  reclamation  of  new  tracts. 

An  attempt  to  estimate  the  amount  of  water  which  may  be  talvn 
from  the  basin  without  drawing  upon  the  reserve  supply  is  fraught 
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ivith  difficulties.  The  amount  of  water  stored  in  the  gravels  of  the 
valley  is  undoubtedly  very  great.  Mr.  Lippincott**  has  estimated 
roughly  that  their  capacity  is  6,400,000  acre-feet,  an  estimate  which 
unquestionably  is  sufficiently  low.  This  amount,  if  it  could  be  made 
available,  would  supply  the  canals  above  Col  ton  for  sixty  years  without 
the  annual  additions  from  rainfall. 

As  a  matter  of  fact,  but  a  small  proportion  of  it  is  commercially 
available.  These  saturated  gravels  have  been  penetmted  to  depths  of 
over  1,000  feet,  and  it  is  estimated  that  in  the  center  of  the  valley  they 
may  exist  at  3,000  feet  below  the  surface.  The  depth  from  which 
water  can  be  pumped  at  a  profit  depends  upon  the  value  of  the  crops 
raised  by  its  use  and  upon  the  cost  of  its  distribution.  The  maximum 
at  present  may  be  accepted  as  250  feet,  and  at  this  depth  certainly  less 
than  20  per  cent  of  the  stored  waters  of  the  valley  could  be  reached. 
It  is  obvious,  however,  that  this  water  should  not  be  taken  out  any 
faster  than  it  is  annually  restored.  The  rate  of  this  recharge  is  a 
difficult  problem. 

No  definite  results  can  be  reached  by  an  attempt  to  estimate  the 
amount  of  water  which  is  directlv  contributed  to  the  basin,  since  the 
amounts  supplied  by  rainfall  within  the  valley,  or  by  floods  from 
the  mountains,  or  by  seepage  through  the  gravels  below  the  measured 
surface  flows  of  tributary  streams,  or  by  the  minor  unmeasured 
canyons  about  the  margin  of  the  basin,  or  by  return  waters  from 
irrigated  lands  which  drain  back  into  the  valley,  must  all  remain  unde- 
termined factors. 

By  approaching  the  subject  in  another  way,  however,  suggestions 
which  appear  to  be  of  value  result.  The  Williams  and  the  Neff  meas- 
urements upon  the  water  plane  have  already  been  discussed  in  part. 
In  each  of  these  the  gradient  of  the  decline  in  water  level  flattens  dur- 
ing the  years  1900-1  and  1902-3,  until  it  becomes  nearly  horizontal. 
The  rainfall  during  each  of  these  years  was  more  than  17  inches  at  San 
Bernardino,  where  the  normal  is  about  15  inches.  If  we  accept  the 
probable  assumption  that  2i  inches  more  than  the  normal  rainfall 
would  check  the  decline  under  present  conditions  of  development,  and 
that  it  might  also  be  checked  by  reducing  the  drafts  upon  the  basin 
by  the  same  percentage,  we  arrive  at  the  conclusion  that  about  115 
second-feet  may  be  withdrawn  without  permanently  reducing  the 
reserve  supply. 

Some  steps  have  been  taken  by  the  greater  irrigating  companies, 
which  are  dependent  upon  the  underground  supplies  of  San  Bernar- 
dino Valley,  to  check  the  escape  of  the  floods  that  pass  the  Bunker 
Hill  dike,  in  order  that  more  time  may  be  given  for  their  absorp- 
tion by  the  porous  sand  and  gi^avel  filling  of  the  basin.     Thus  far 

aUpplncott,  J.  B.,  Development  and  application  of  wat^r  nv^r  Han  Beniardlno,  Cal.:  Water-tiup. 
and  Irr.  Paper  No.  59.  U.  S.  Geol.  Survey,  1902,  p.  *J3, 
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these  efforts  have  been  contined  to  the  construction  of  a  number  of 
low  sand  ridges  across  the  Santa  Ana  wash.  They  check  the  minor 
floods  for  a  time  and  are  considered  of  value  by  those  who  have 
planned  them. 

More  elaborate  systems  for  distributing  flood  waters  over  wider 
areas  of  fan  material,  so  as  to  secure  a  much  greater  absorption  of 
floods  than  is  brought  about  by  these  temporary  structui'es,  have  been 
suggested  and  may  eventually  be  definitely  planned  and  carried  out. 
The  control  of  the  great  floods,  with  their  heavy  load  of  debris  and 
their  high  velocity,  offers  especial  engineering  difficulties  and  may 
never  be  undertaken,  but  it  is  thought  that  smaller  floods,  the  larger 
part  of  which  are  wasted,  may  be  so  distributed  as  to  greatly  increa^ 
the  proportion  which  at  present  sinks. 

Failure  or  decrease  in  output  are  familiar  conditions  in  artesian  di»- 
tricts.  The  causes  are  manifold  and  Var}^  with  the  region.  One  of 
the  most  familiar  examples  is  that  of  the  Denver  basin,*"  discovered  in 
1884.  In  a  few  years  400  wells  had  been  drilled  in  that  district,  and 
many  of  them  gave  strong  flows  under  good  pressure.  By  the  end  of 
1890  nearly  all  had  ceased  to  flow  and  many  were  pennanently  aban- 
doned. The  explanation  given  for  the  failure  in  this  case  was  the  low 
porosity  and  transmission  capacity  of  the  water-bearing  rock.  The 
water  which  flowed  when  the  wells  were  first  sunk  had  acx^umulated 
by  very  slow  percolation  through  long  periods.  When  this  supply 
was  withdrawn  the  fine  grain  of  the  transmitting  rock  prevented  a 
renewal  suSiciently  rapid  to  keep  up  the  pressure. 

Other  cases  exist  where  the  failure  of  a  particular  well  is  due  not  to 
general  conditions  within  the  district,  but  to  faulty  construction  of  tlie 
well  itself,  or  to  filling  by  sand  or  debris  from  below  or  above,  or,  as 
in  the  case  of  the  wells  at  Savannah,  Ga.,^  to  a  slow  sealing  of  the  pore? 
in  the  water-bearing  stratum  by  gelatinous  deposits  or  microseopir 
plant  growth.  The  failure  of  an  individual  well,  when  not  due  to  some 
general  cause  whi(;h  affects  the  artesian  supply  as  a  whole,  will  not  be 
accompanied  by  the  failure  of  neighboring  wells,  and  if  another  well 
is  sunk  in  the  vicinity  its  flow  in  this  case  will  be  as  great  as  that  of 
the  original  well. 

The  high  porosity,  the  coarse  grain,  and  the  unconsolidated  char* 
acter  of  the  gravels  of  San  Bernardino  Valley  preclude  the  possibilitr 
of  failure  due  to  the  causes  which  were  effective  at  Denver.  Ix>cil 
diminution  of  flow  often  results  from  the  clogging  of  small-bore  welK 
and  the  accumulation  of  sand  and  gravel  at  the  bottom  of  a  well, 
with  a  consequent  falling  off  in  the  yield,  is  testified  to  by  a  lessened 
depth   as   determined  by  sounding.     The   majority  of  the  failun^. 

fiEldrid^e,  G.  H.,  Artesian  wells,  In  GeoloKV  of  the  Denver  basin  In  Colorado:  Mon.  V.  8.  C.<»»1. 
Survey,  vol.  '27,  1896.  p.  428. 

frSliehter,  C.  S.,  Motions  of  underground  waters:  Water-Sup.  and  Irr.  Paper  No,  67,  U.  S,  G«ol.Mr- 
vey,  1902,  p.  94. 


MENMNHALL.]  OTHER    ARTESIAN    AREAS.  67 

however,  are  clearly  general  in  their  character  and  affect  whole  groups, 
particularly  those  of  moderate  depth  and  those  near  the  eastern  and 
northern  borders  of  the  basin.  These  results  are  due  to  a  gradual 
reduction  of  head  through  a  drawing  down  of  the  supply. 

The  general  conclusions  to  be  drawn  from  the  foregoing  discussion 
may  be  summarized  thus: 

(a)  The  shrinkage  of  the  artesian  area,  the  lessened  yield  of  artesian 
wells,  and  the  lowering  of  the  ground-water  level  outside  the  artesian 
boundary  are  marked. 

(b)  The  rapid  rate  of  this  shrinkage  is  due  to  the  combination  of 
continuous  development  and  decreased  rainfall.  Either  acting  alone 
would  produce  similar  but  less  pronounced  results. 

(c)  Average  rainfall,  while  the  present  drafts  upon  the  underground 
waters  within  the  basin  continue,  will  not  restore  the  original  water 
level,  but  will  permit  the  waters  to  decline  gitidually. 

(d)  Kainfall  of  at  least  I7i  inches  at  San  Bernardino,  with  a  propor- 
tional precipitation  over  the  drainage  basin  of  the  upper  Santa  Ana, 
is  required  to  check  the  declines  while  drafts  continue  at  the  present 
rate.  Records  indicate  that  on  the  average  this  amount  of  rain  may 
be  expected  one  year  in  three. 

{e).  A  long  wet  winter  may  restore  the  declines  of  several  seasons 
of  average  rainfall  or  less,  but  since  declines  must  be  expected  during 
at  least  two  seasons  in  three  it  is  obviously  unwise  to  increase  present 
drafts  upon  the  basin. 

(y)  Strict  economy  in  the  use  of  water,  improvements  in  irrigation 
practice,  and  a  definite  and  fully  supported  policy  of  forest  conserva- 
tion and  restoration  are  essential  to  the  well-being  of  this  valley.  It 
is  believed  that  much  ma}"  be  done  also  to  improve  conditions  in  the 
underground  reservoirs  by  the  construction  of  dams  to  check  floods 
and  distribute  them  over  broader  areas,  to  the  end  that  they  may  be 
more  fully  absorbed.  So  far  as  the  writer  is  aware  this  last  means  of 
preventing  waste  was  first  suggested  by  Prof.  E.  W.  Hilgard  in  1902.* 
Recently  it  has  been  given  renewed  attention  by  engineers  of  southern 
California  and  tentative  steps  toward  it  have  been  taken  by  the  River- 
side companies,  which,  for  at  least  two  winters  past,  have  checked 
and  distributed  the  Santa  Ana  floods  with  gratifying  results. 

OTHER  ARTESIAN  AREAS. 

YUCAIPE   BASIN. 

On  the  Dunlap  ranch  in  the  Yucaipe  Valley  a  number  of  aitesian 
wells,  varying  from  moderate  depths  tx)  over  800  feet,  were  drilled 
>)etween  1895  and  1900.     The  water  secured  has  been  piped  to  Red- 

^Subtermnean  water  supply  of  the  San  Bernanlino  Valley:  Rept.  of  Irrigation  investigations  for 
1901,  Bull.  V.  S.  Dept.  of  Agric,  No.  119, 1902,  pp.  133-134.  The  subject  has  also  l)een  discrussed  by  Mr. 
F.  K.  Traak,  in  an  essay  published  in  the  Rural  California,  June,  1903,  entitled  "  Water  Conservation 
In  Southern  California." 
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land»  and  fomuan  important  part  of  the  supply  tliere.  This  inteiV''t- 
ing  group  tapu  a  water  Bupply  in  the  earlier  alluvium,  a  iwun-e  entirely 
different  from  that  in  which  the  water  at  Sun  Bernardino  ts  found. 
„  The  bed;^  of  thia  older  alluvi- 

um form  the  Yucaipe  bench, 
make  the  hills  on  either  sidt" 
of  San  Timoteo  Canyon,  and 
extend  eastward  beyond  the 
area  under  consideration  to- 
P   ward  San  Gorgonio  Pass  (fig. 
t    15  and  PI.  IX).   South  of  Yu- 
§   caipe  Valley  they  dip  genliy 
S   northward,  the  dip  increa^in^ 
s   in  steepness  toward  the  axi" 
3     9  of  the  Badlands  ridge  which 
I    -3   separates  San  Timoteo  Can- 
S  yon  from  San  Jacinto  Valley 
t   (fig.  15).    This  attitude  of  the 
'f  beda  is  due  to  crustal  move- 


ton   Hills  mass  niaki'S,  iis  it  \ 


■a 

I   ments  since  their  deposition. 
1   North  and  east  of  the  Yut-aipf 
_      ^   they  lie  horizontal  or   have 
i)5~     e   -^I'R^t  south  and  west  dip^ 
I   which  may  not  be  i^tructurvl 
I   butonly representativeof tbf 
I  original  depositioual  slope. 
I       The  Crafton  Hills  and  the 
e   heights  on  either  side  of  Res- 
S  ervoir  Street  Canyon  are  of 
a  schistose  or  igneous  bed  rock. 
I   These  two  areas  are  undoubf- 
e   edly  connected,  although  thf 
<   connection  is  buried    under 
^   alluvium  through  the  lower 
s   intervening  region.     It  i> 
probable,  too,  that  the  pa'^ 
lietween    the   Crafton    HiU< 
and  the  mountains  just  ea^ 
of  Mill  Creek  Canyon  is  un- 
derlain at  a  moderate  deptli 
by  Itod  rock,  so  that  the  Craf- 
a  wing  diim  extending  southwK 


some  miles  from  the  San  Bernardino  Mountains  into  the  alluviil 
areas.  All  the  streams  draining  south  and  west  from  the  hills  tiat 
sci>aratG  Mill  Creek  from  the  wide  valley  to  the  south  sink  into  thb 
old  alluvium  and  percolate  slowly  through  it  toward  the  lower  leveb. 


«**W)iKffALt.l  Otttfift   AlltESlAir   Att£A9.  69 

They  are  checked  by  the  Craf ton  bed-rock  mass,  and  in  the  vicinity  of 
"the  mouth  of  Liveoak  Canyon  or  above  meet  the  northward  dips  of 
the  alluvium.  In  the  basin  thus  formed  the  waters  collect  under  pres- 
sure and  flow  when  the  porous  gravels  are  tapped  by  wells.  The  ordi- 
nar}'  overflow  from  this  basin  must  percolate  around  the  southwestern 
foot  of  the  Rexllands  Heights  bed-rock  area,  since  its  lowest  outlet  lies  in 
this  direction.  In  the  past,  after  long-continued  periods  of  excessive 
rainfall,  when  the  Yucai])e  gravels  had  become  saturated  to  higher 
levels  than  at  present,  the  canyon  through  which  lies  the  continuation 
of  Reservoir  street  toward  Yucaipe  Valley  probably  became  a  spill- 
way. Springs  and  small  areas  of  peaty  land  near  the  head  of  the  can- 
yon are  evidences  for  this  hypothesis. 

In  lower  Yucaipe  Canyon,  a  mile  or  two  above  its  junction  w^ith  San 
Timoteo  Creek,  waters  imder  pressure  have  been  found  at  depths  of 
several  hundred  feet.  They  rise  practically  to  the  surface,  but  do  not 
flow,  or  flow  but  little.  These  waters  and  those  tapped  by  the  Single- 
ton wells  in  San  Timoteo  Canyon,  as  well  as  those  which  are  the 
sources  of  springs  in  the  short  northern  tributaries  of  the  latter,  are 
probably  all  supplied  from  the  underground  waters  gathered  in  the 
drainage  basin  of  the  upper  San  Timoteo  and  its  tributaries  and  per- 
colating along  the  lines  of  least  resistance  toward  Santa  Ana  River. 
The  Crafton  Hills  bed-rock  obstruction  and  the  northern  dip  of  the 
alluvium  south  of  this  obstruction  must  tend  to  concentrate  the  waters 
in  the  pervious  sti*ata  in  a  relatively  narrow  zone  extending  from  a 
short  distance  south  of  Bicknell  station,  on  the  Southern  Pacific,  to  the 
vicinity  of  Redlands  Heights.  The  Redlands  wells  near  the  reservoir, 
and  the  Redlands  Heights  wells  farther  south,  are  regarded  as  tapping 
the  principal  underground  outlet  for  the  drainage  area  east  of  Crafton 
Hills  and  west  of  Beaumont.  As  this  area  is  not  large  and  the  pre- 
cipitation, except  on  that  very  small  portion  of  it  which  forms  a 
part  of  the  slope  of  the  San  Bernardino  Range,  is  slight,  the  waters 
can  not  exist  in  great  volume,  and  so  will  not  bear  excessive  develop- 
ment. Thus  far  they  seem  to  have  been  drawn  upon  moderately  and 
with  excellent  judgment. 

As  has  been  stated  before,  the  gravels  of  the  earlier  alluvium  are 
partially  consolidated.  They  seem,  on  the  whole,  to  be  less  pervious 
than  those  of  later  date,  and  are  therefore  somewhat  inferior  in  trans- 
mission capacity.  Because  of  these  two  conditions — limited  supply 
and  low  transmission  power — no  wells  of  very  gr^it  yield  have  been 
opened  and  none  are  to  be  expected. 

The  favorable  area  for  development  has  l)een  pretty  well  outlined 
by  the  wells  which  have  been  bored.  It  includes  the  flat  valley  of  the 
Yucraipe  in  the  vicinity  of  Dunlaps  (PI.  X,  A)^  and  the  area  south  of 
it  to  the  Southern  Pacific  at  El  Casco  and  for  a  short  distance  above. 
Westward  it  extends  to  beyond  Redlands  Heights,  which  it  underlies. 
Within  this  area  it  is  expected   that  wherever  porous  gravels  are 
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encountered  by  the  drill  a  fair  supply  of  water  will  be  found.  The 
deeper  waters  are  under  pressure,  and  where  the  well  is  started  at  i 
low  point,  as  in  the  bottom  of  one  of  the  deep  arroyos,  water  nia\'  rW 
nearly  to  the  surface.  In  wells  which  are  begun  on  big-h  ground  si 
heavy  lift  will  be  necessary.  While  porous  water-bearing  gravels  ar^ 
usually  found  in  the  well  sections,  they  are  less  numerous  and  les^ 
cei*tain  than  in  the  newer  gravels  of  the  valley  about  San  Bernardioo. 
Furthermore,  the  irregular  character  of  all  of  this  alluvial  materii'. 
precludes  the  possibility  of  predicting  accurately  where  coarse  grav 
els  are  present  and  where  not.  Only  exploration  by  the  drill  car. 
determine  this  point. 

RIVERSIDE   BASIN. 

Just  north  of  Riverside,  in  the  basin  of  Spring  Brook,  four  well- 
have  been  drilled  which  yield  flowing  water,  and  the  springs  by  whicl: 
the  small  stream  is  fed  indicate  the  probable  extension  of  artesian  con- 
ditions beyond  the  area  determined  by  the  wells. 

A  mile  or  more  above  the  Salt  Lake  Bridge  at  Riverside  Narrow> 
is  a  small  flowing  well  which  furnishes  water  for  domestic  purposes, 
and  other  artesian  wells  now  filled,  or  abandoned  for  other  reasons,  aiT 
reported  from  the  same  vicinity. 

At  Riverside  Narrows  Santa  Ana  River  enters  a  narrow  gorge  cut 
in  the  dioritic  bed  rock  of  the  region,  and  the  underground  waters  are 
forced  to  or  near  the  surface  as  they  approach  this  obstruction.  In 
consequence,  the  river  bed,  dry  for  some  miles  below  Slover  Moun 
tain,  here  carries  a  perennial  stream  of  respectable  proportions.  Tht^ 
eflect  of  this  diorite  mass  is  similar  to  that  produced  by  the  ridge  of 
folded  clays  which  crosses  the  course  of  the  Santa  Ana  above  Cx)lt<»i] 
and  has  been  discussed  as  the  Bunker  Hill  dike. 

The  river  wash  which  has  accumulated  against  the  mass  is  saturate<l. 
it  contains  coarser  and  finer  material  in  alternating  strata,  and  a- 
th  ise,  deposited  by  the  river,  slope  in  the  direction  of  its  flow,  watei 
entering  the  coarser  members  at  a  higher  level  farther  up  the  stream 
is  to  be  found  under  pressure  at  a  lower  level  farther  down  the  stream. 
The  waters  of  the  Elliotta,  Stansell,  and  Evans  wells  above  Rivei-sidc 
probably  enter  the  gravels  soon  after  they  have  passed  over  the  Bunker 
Hill  fold,  and  their  head  is  only  that  which  accumulates  in  the  few 
intervening  miles.  There  is  little  doubt  that  the  water  percoIate^ 
under  the  High  Grove  and  East  Riverside  mesas,  which  are  underlain 
by  river  alluvium,  deposited  at  a  time  when  the  Santa  Ana  or  one  of 
its  distributaries  flowed  through  this  lowland. 

These  gravels  about  Riverside  are  not  generally  as  coarse  as  those 
above  the  Bunker  Hill  dike,  since  they  are  farther  from  their  origin 
in  the  mountains;  hence  they  are  somewhat  less  free  water  beareiv, 
although  excellent  in  this  respect.     Flood  waters  have  access  to  them 
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i^liefly  through  the  porous  wash  of  the  river  below  Bunker  Hill,  while 
t^lie  basin  above  is  supplied  by  the  waters  absorbed  by  all  of  the  allu- 
^K^ial  fans  distributed  along  the  base  of  the  San  Bernardino  Range. 

The  Riverside  basin  is  shallower  and  has  a  smaller  area  than  the 

X&rge  basin  northeast  of  it,  but  it  has  not  yet  been  very  heavily  drawn 

^tjpon,  and  it  is  benefited  bj'  the  return  waters  from  a  large  acreage 

sftbout  Rialto  and  FoLst  Riverside.     It  should  be  capable  of  supplying 

ftxiuch  larger  drafts  than  have  as  yet  been  made  upon  it,  and  although 

'fche  waters  thus  developed  will  have  to  be  pumped  to  the  accessible 

lands,  and  so  will  prove  more  expensive  than  San  Bernardino  basin 

"w^aters  now  are,  the  difference  in  cost  may  be  expected  to  lessen  as  the 

latter  waters  become  more  expensive,  so  that  it  may  soon  become 

financially  practicable  for  the  Riverside  irrigator  to  utilize  more  of 

these  near-by  waters  and  thus  reduce  the  great  drafts  upon  the  larger 

and  more  important  San  Bernardino  basin. 

The  city  of  Riverside  is  now  (1904)  installing  a  domestic  sj'stem 
which  will  utilize  a  part  of  these  waters.  They  are  to  be  pumped  to  a 
reservoir  on  Rubidoux  Hill  and  distributed  thence  to  the  city  mains. 
Thus  used  they  will  augment  the  supply  that  now  flows  by  gravity 
from  artesian  wells  in  the  San  Bernardino  basin. 

GROUND  WATERS. 

By  ground  watera  are  meant  subsurface  waters  outside  the  artesian 
areas  (Pis.  VII  and  VIH),  which  therefore  are  not  found  under  suf- 
ficient pressure  to  flow  by  gravity,  but  become  available  for  irrigation 
only  by  means  of  some  sort  of  pumping  device.  They  have  precisely 
the  same  origin  as  the  artesian  waters — i.  e.,  the  rainfall — and,  indeed, 
when  they  lie  above  the  artesian  basin,  may  later  become  artesian  by 
passing  beneath  an  impervious  cap  in  the  course  of  their  slow  movement 
seaward  under  the  influence  of  greLvity.  Below  and  outside  of  the  basin 
they  constitute  the  normal  subsurface  zone  of  saturation,  whose  upper 
limit  slopes  generally  with  the  soil  surface,  but  at  a  different  rate,  so 
that  where  the  fan  material  lies  high  and  is  open  textured  it  may  be 
hundreds  of  feet  to  the  ground-water  level.  This  is  probably  true  in 
the  vicinity  of  Grapeland  and  some  miles  southward.  Nearer  the  axis 
of  the  valley  these  waters  are  nearer  the  surface  and  are  drawn  upon 
more  or  less  freely  for  irrigation  and  for  domestic  purposes.  Their 
approximate  position  relative  to  the  surface,  where  data  enough  exist 
for  determination,  is  shown  on  PI.  VH  for  the  years  1900  and  1904. 

West  of  Lytle  Creek  the  water  lies  at  so  low  a  level  and  the  wells 
are  so  few  that  no  attempt  has  been  made  to  show  the  position  of  the 
water  plane,  data  being  entirely  insuffiicient  for  this  purpose. 

From  a  point  a  mile  or  more  below  Craf ton  eastward  the  water  level 
seems  to  have  changed  but  little  during  the  hist  few  j'ears.  In  a  zone 
immediately  surrounding  the  artesian  basin,  however,  there  has  been 
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a  distinct  change  in  the  water  level,  a  decline  varying  in  amount  f nei 
zero  at  the  edge  of  the  artesian  area  to  50  feet  in  extreme  cases  sonjr 
distance  back. 

On  pages  57  and  58  are  given  tables  in  which  the  elevation  of  tb** 
water  plane  at  two  periods,  four  years  apart,  is  shown  for  a  num)*i^ 
of  wells  distributed  widely  over  San  Bernardino  Valley. 


-  -  Ground'  *v4tter  zone  — -  —  —  —  -^  — — H 


^Artestan  bas/n-i\ 


Fig.  16. — Diaj?rammatic  cross  section  of  drained  prism  in  alluvial-fan  materuii. 

It  is  to  be  noted  that  the  earlier  and  the  present  elevations  of  th 
water  plane  are  approximately  equal  at  both  the  upper  and  the  lower 
edges  of  the  ground-,water  zone — i.  e.,  the  past  and  the  present  plane 
of  saturation  unite  near  the  artesian  limit  an(f  again  well  up  the  allu 
vial  fans,  their  most  marked  divergence  being  along  a  median  line  o! 
the  zone,  a  cross  section  of  the  drained  prism  being  thus  cre^centio  ir 
form  (fig.  16). 

TEMPERATURES. 

Waters  with  temperatures  much  above  the  normal  are  not  at  al 
unusual  in  San  Bernardino  Valley,  nor  in  other  parts  of  southern  Cali 
fornia.  The  region  in  general  is  not  one  of  recent  volcanic  activit}, 
so  that,  in  the  majority  of  cases  at  least,  we  have  no  bodies  of  fre>' 
intrusive  or  effusive  rock  to  appeal  to  as  a  source  of  heat.  On  tb 
other  hand,  there  have  been  abundant  recent  dynamic  disturbances,  a? 
is  proved  clearly  on  structural  grounds,  and  the  slight  earthquake- 
which  occur  from  time  to  time  suggest  that  minor  movements  may  \^ 
taking  place  almost  constantly  along  the  established  fault  lines.  Tb 
enormous  friction  from  these  movements  must  raise  the  earth  tempei 
atures  very  notably  along  the  lines  of  disturbance,  and  the  fracturec 
zones  adjacent  to  the  faults  must  sometimes  provide  easy  channel* 
through  which  surface  waters  may  reach  greater  depths,  beconir 
heated,  and  rise  again  as  hot  springs,  or  through  which  rock  watej!^ 
with  the  temperatures  of  their  origin  may  escape  to  the  surface. 

If  we  consider  the  distribution  of  the  hot  springs  we  find  that,  witi 
a  few  unimportant  exceptions,  they  occur  along  these  definite  structunl 
lines,  or  if  we  reverse  the  process  and  trace  the  major  fault  lines  v? 
find  them  marked  in  many  instances  by  thermal  waters. 

The  most  extensive  and  important  group  of  hot  springs  is  that  which 
issues  from  crevices  in  the  gneissoid  bed  rock  at  the  south  base  of  ik 
San  Bernardino  Range  in  the  vicinity  of  East  Twin  Creek  Canyon. 
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The  easternmost  group  of  these  is  known  as  the  Arrowhead  Springs^ 
from  the  peculiar  figure  of  a  gigantic  arrow  outlined  by  the  vegeta- 
tion on  the  mountain  sldembove  them.  ^NumeroUsj  sptitigs  issue  here 
at  various  temperatures,  the  highest  measured  by  the  Writer  being 
184^^  F.  One-half  mile  farther  west  an  even  greater  volume  of  hot 
water,  estimated  at  5  or  10  miner's  inches,  issues  from  a  number  of 
springs  that  flow  usually  from  the  bowldery  alluvium  along  the  lower 
course  of  Waterman  Canyon  (We«t  Twin  Creek),  but  occasionally 
directly  from  bed  rock.  Much  of  this  water  has  a  temperature  of 
140^  or  150^,  and  even  higher  as  it  first  issues.  A  small  group  of 
warm  springs  is  found  about  a  mile  east  of  Arrowhead  Peak,  and  in  the 
can3'on  of  the  Santa  Ana,  2  miles  from  the  edge  of  the  mountains,  is 
another  conspicuous  warm  spring. 

The  line  of  disturbance  whose  western  extension  is  marked  by  the 
Bunker  Hill  fold  (PI.  XI)  is  even  more  definitely  outlined  by  a  series 
of  wells  and  springs  with  temperatures  above  the  normal.  Within  the 
San  Bernardino  basin  itself  a  temperature  of  72°  is  found  in  the  mixed 
waters  from  three  wells  pumped  into  one  distributing  pipe  near  the 
.San  Bernardino  cit}'^  reservoir.  Another  well  whose  waters  have  a 
temperature  of  90°  has  been  bored  about  a  mile  northwest  of  Bunker 
Hill  and  just  north  of  the  dike.  The  latter  location  is  one  in  which 
numerous  wells  of  abnormal  temperature  are  found.  The  ''Hobo" 
well,  the  Urbita  well,  and  the  Topp  well,  all  near  Bunker  Hill,  have 
temperatures  varying  from  85°  to  105°.  Farther  eastward  a  group  of 
shallow  wells  belonging  to  the  Riverside  Water  Company,  and  dis- 
tributed along  the  north  bank  of  Santa  Ana  River,  just  east  of  £ 
street  extended,  have  temperatures  of  71°  to  73°,  although  less  than 
100  feet  deep  in  many  instances. 

Near  Loma  Linda  a  number  of  wells  of  the  Gage  canal  system  dis- 
charge waters  at  temperatures  of  70°  to  75°,  but  in  these  cases  the 
depths  are  greater,  ranging  from  320  to  656  feet.  Farther  east  and 
entirely  outside  the  territory  under  discussion  in  this  paper,  but  worthy 
of  mention  here  because  they  occur  along  the  same  structural  line,  are 
the  Eden,  the  Relief,  and  the  Ritchie  hot  springs,  which  issue  from 
bed  rock  near  the  zone  of  structural  weakness. 

This  distribution  is  in  itself  strong  evidence  that  the  heat  which  is 
imparted  to  the  underground  waters  originates,  in  many  cases  at  least, 
in  the  zones  of  crustal  movement,  especially  the  faults,  which  are  a 
conspicuous*  feature  of  the  geology  of  southern  California. 

Within  the  San  Bernardino  Valley  lowland,  temperatures,  except  as 
they  are  high  along  the  line  of  the  Bunker  Hill  dike,  have  a  rather 
erratic  distribution.  The  mean  annual  atmospheric  temperature  of 
the  valley  is  about  62°  F.,  and  the  ground  waters  and  the  waters  from 
the  majority  of  the  shallow  flowing  wells  have  the  normal  temperature 
of  62°  to  64°;  but  at  Harlem  Springs  waters  originally  issued  at  vari- 
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OU8  temperatures  up  to  115^.  The  flowing  waters  of  the  Payne  well. 
642  feet  deep,  situated  2  miles  south  of  San  Bernardino,  have  a  tem- 
perature of  112^.  The  water  of  the  Urbita  Springs  well  has  a  tempera- 
ture of  102^  to  105^,  and  other  wells  which  have  been  mentioned  near 
the  Bunker  Hill  dike  exhibit  temperatures  ranging  from  70^  to  9<)\ 

When  we  come  to  consider  temperature  gradients — i.  e.,  the  number 
of  feet  it  is  necessary  to  go  in  depth  for  each  degree  rise  in  tempera- 
ture from  the  normal  of  62^  or  63^ — we  find  such  wide  extremes  a$ 
1^  in  3  feet  in  the  ^^  Hobo''  well,  No.  23,  San  Bernardino  quadrangle, 
and  1^  in  114  feet  in  one  of  the  Riverside  Water  Company's  deep  wel)> 
on  East  Third  street.  The  accompanying  table  of  depths  and  tem- 
peratui^s  illustrates  the  wide  diversity,  both  in  temperatures  and  in 
temperature  gradients,  throughout  the  valley. 

Temperatures  in  ivells  in  San  Bernardino  VaUey^  Cnlifomia. 


Number  of  well. 


S3... 
R361 
17... 
252.. 
18... 
23... 
8.... 
125.. 
123.. 
124.. 
R330 
234.. 
328.. 
126.. 
R327 
122.. 
121.. 
19... 
R329 
R385 
119.. 
297.. 
R375 
128.. 
118.. 
104.. 


Depth  of 
well. 

Measured 
tempera- 
ture at  sur- 
face. 

Feel, 

OR 

68 

71 

68 

86 

81 

73 

83 

68 

92 

73 

121 

98 

125 

68 

141 

67 

142 

70 

148 

68.5 

150 

68 

158 

85 

169 

76 

181 

68 

185 

80 

190 

70 

196 

70 

225 

71 

231 

72 

300 

115 

320 

73 

451 

90 

460 

72 

472 

70 

482 

74 

506 

70 

Theoretical 
temperature 
on  basis  of 
I'*  Increase 
for  each  60 
feet  depth. 


oi'. 


63 
63 
63 
63 
64 
64 
64 
64 
64 
64 
65 
65 
65 
65 
65 
65 
65 
66 
66 
67 
67 
70 
70 
70 
70 
70 


Departure 
from  theo- 
retical tern- 
pemture. 


OF. 

-f-  8 
+23 
-flO 
+  5 

+  9 

+  34 

f  4 
+  3 
4-6 

+  4.5 

4-  3 

+20 

+11 
4  3 
+15 

+  5 
+  5 
+  5 
+  6 
+48 

+  6 
+20 

+  2 
0 

+  4 
0 


Tempem- 
tnre  gra- 
dient. 


I 


2) 


3 


2^ 

» 

1! 
3» 
]< 
1'4 

2 
t 
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Temperatures  in  wells  in  San  Bernardino  Valley^  California — Continued. 


N  amber  of  well. 

Depth  of 
well. 

Measured 
tempera- 
ture at  sur- 
face. 

Theoretical 
temperature 
oti  oanis  of 
1^  increase 
for  each  60 
feet  depth. 

°F. 
71 
71 
71 
72 

72 
73 
73 
73 
74 
75 

78 

Departure 
from  theo- 
fetical  tem- 
perature. 

Tempera- 
ture gra- 
dient. 

106 

Feet. 
517 
534 
544 
582 

614 
642 
656 
682 
740 
784 

984 

^F. 
73 
74 
68 
74 

69 
112 

75 
68 
78 
74 

75 

°F. 
+  2 
+  3 

-  3 
+  2 

-  3 
+39 

+  2 

-  5 

-f  4 

-  1 

3 

Feet. 

47 

116 

44 

465 

91 

117 

49 

San  Bernardino  city  well  on 
Antill  tract 

88 

112 

16 

115 

50 

315 

114 

Urbita  new  well 

46 

120 

65 

Waterman     avenue     well, 
Riverside  Water  Co 

76 

The  results  can  not  be  accepted  rigidly,  because  in  some  cases  well 
tubing  has  been  cut  at  several  points  and  the  waters  whose  tempera- 
ture is  given  are  therefore  mixed  waters  from  undetermined  horizons. 
In  one  or  two  other  cases  the  yield  of  the  wells  is  small,  the  waters 
rise  but  slowly,  and  sensible  changes  may  therefore  have  taken  place 
in  their  passage  upward  to  the  surface  where  the  temperatures  were 
measured.  But  when  due  allowance  is  made  for  these  inaccuracies  a 
wide  variation  remains  to  be  accounted  for. 

The  alternate  undisturbed  l)eds  of  sand,  gmvel,  and  clay  which  fill 
this  valley  should  exhibit  a  thermometric  gradient  which  is  lower  rather 
than  higher  than  the  normal  of  1  degree  for  each  50  or  60  feet  increase 
in  depth,  which  has  been  established  by  observations  in  shafts  and  deep 
mines  in  consolidated  rock  in  various  parts  of  the  world.  A  lower  gra- 
dient is  to  be  expected,  because  this  alluvium  has  been  deposited  recently 
and  with  great  rapidity,  and  so  may  be  supposed  not  to  have  acquired 
fully  the  normal  earth  temperature.  An  additional  reason  for  expecting 
low  temperatures  is  its  porosity  and  the  consequent  free  circulation  of 
meteoric  waters,  which  tend  to  carry  the  mean  annual  temperature 
of  the  surface  to  depths.  The  low  gradients  exhibited  by  the  new 
Antill  tract  wells  of  the  city  of  San  Bernardino  and  by  the  River- 
side Water  Company's  wells  Nos.  465  and  315,  gradients  of  88  to  114 
feet  per  degree,  seem  to  bear  out  this  hypothesis  of  relatively  low 
temperatures  at  moderate  depths,  due  to  lag  in  the  rise  of  earth  tem- 
peratures or  to  transfer  of  surface  temperatures  to  depth  through 
the  medium  of  circulating  waters.  Such  low  temperatures  are  to 
be  expected  under  the  conditions  which  prevail  in  this  basin,   but 


ivhere  higher  teniperatuted  are  found  special  explanation's  seem  to  be 
fequifecL 

Along  the  line  of  the  fiudkef  Hill  disturbance  the  occurrence  of 
high  temperatures  is  fully  explained  by  the  known  geologic  conditions 
This  ridge  represents  an  anticlinal  arch,  the  strata,  which  farther  north 
occur  at  greater  depths,  being  brought  near  to  the  surface  here  hj  tto 
fold.  Hence,  the  waters  percolating  along  the  porous  bed>»  at  deptir; 
near  the  center  of  the  valley  and  acquiring  the  temperatures  appro 
priate  to  those  depths  are  here  found  and  tapped  near  the  sui-face  a.^ 
they  rise  toward  the  anticline  with  the  inclosing  strata. 

High  temperatures  found  near  the  center  of  the  basin,  as  in  the  (^se 
of  the  Payne  well  or  more  especially  the  group  at  Harlem  Springs, 
can  not  be  explained  in  this  way,  as  they  do  not  occur  in  connection 
with  anticlinal  structures.  There  are  two  or  three  possible  explana- 
tions for  the  presence  of  these  hot  waters,  but  sufficient  evidence  doe^ 
not  exist  to  decide  between  them. 

Just  as  springs  in  the  artesian  basins  represent  leakage  to  the  sur- 
face through  the  impervious  cap  which  confines  the  waters,  and  as  ail 
the  water-bearing  horizons  in  the  alluvium  probably  are  imperfectk 
connected  by  leakage  from  one  horizon  to  another,  so  the  hot  wells  au*: 
springs  found  near  the  middle  of  the  valley  may  represent  similar 
leakage  from  near  the  bottom  of  the  basin  to  the  surface.  Again^  thr 
occurrence  of  strong  springs  of  heated  waters  along  the  noilh  edge  of 
the  valley,  as  in  the  case  of  the  Arrowhead  group — waters  which  sint 
into  the  alluvium  and  are  reenforced  there  perhaps  by  other  flows  «f 
hot  water  from  near  the  fault  line,  flows  which  pass  directly  from  thr 
heated  rocks  of  the  faulted  zone  into  the  alluvium  without  discharginf 
upon  the  surface  at  all — at  once  suggests  that  it  may  be  these  heat**<i 
waters  percolating  seaward  through  the  alluvium  along  rather  definite 
channels  which  escape  as  springs  at  the  head  of  Warm  Creek,  or  ai» 
tapped  there  by  comparatively  shallow  wells.  Of  these  two  hypoth^ 
ses,  leakage  from  near  the  bottom  of  the  basin  to  the  surface  and  per 
eolation  of  hot  water  from  the  fault  zone  toward  the  center  of  th? 
basin,  the  latter  seems  the  more  reasonable  as  an  explanation  of  tb 
Harlem  Springs  group,  while  the  former  is  favored  as  an  explanatit^ 
of  the  temperature  of  watei's  situated  like  the  Pay^ne  well,  compan- 
tively  near  the  Bunker  Hill  dike,  which  forces  heated  deep  wate^ 
toward  the  surface. 

CHEMICAL  CHARACTER  OF  THE  WATERS. 

The  waters  of  the  San  Bernardino  artesian  basin  are  very  pure,  i> 
the  subjoined  analyses  will  show.  They  are,  in  effect,  mountain  waters 
which  have  passed  for  a  few  miles  underground  through  sands  aid 
gravels  whose  drainage  is  free,  so  that  they  have  had  little  opportunity 
to  dissolve  the  salts  contained  in  the  resistant  minerals  of  the  rocks. 
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Professor  Hilgard  «  records  three  analyses,  two  from  groups  ofeiiwlls 
in  the  Gage  canal  system  and  a  third  from  Warm  Creek,  at  thecmill. 
The  results  are  as  follows: 

Analyses  of  well  water,  San  Bernardino  Valley y  California. 

[In  parts  per  100,000.] 


Sodium  chloride  (common  salt) 

Sodium  sulphate  (Glauber's  salt) 

Sodium  carbonate  (sal  soda,  black  alkali) 
Potassium  sulphate 

Total  soluble  residue 


Calcium  sulphate 

Calcium  carbonate  . . . 
Magnesium  carbonate 
Silica 


Total  insoluble  residue 
Total  solids 


Gaj^e  system  ertefllan 
wells. 


Group  D,        Group  A, 
No.  5.  No.  2. 


Warm 
Creek. 


4.18 


10.17 
2.32 
2.44 

14.93 


4.88 

.78 

12.12 

2.49 

2.39 


2.57 

5.82 

2.00 

.80 


11.19 


17.78 


19.11 


22.66 


1.46 
7.62 
2.53 
3.24 


14.85 
26.04 


Dr.  A.  K.  Johnson,  of  San  Bernardino,  has  furnished  the  following 
analysis  of  waters  from  the  Lytle  Creek  group  of  wells,  which,  until 
recently,  furnished  all  of  the  water  for  the  San  Bernardino  system.  . 

[James  A.  Shedd,  analyst.] 

Parts  per  100,000. 

Sodium  chloride 1. 75 

Calcium  sulphate 1.71 

Calcium  carbonate 5. 56 

Magnesium  carbonate 3. 62 

Iron  and  alumina 1.4 

Silica 3.75 

Total  solids 17.79 

The  foUowiitg  partial  analysis  of  the  warm  water  (112^  F.)  from 
the  Payne  well  is  from  the  California  Agricultural  Experiment  Sta- 
tion, E.  W.  Hilgard,  director: 

ParU  per  100,000. 
Soluble  residue  (sodium  chloride,  sodium  sulphate,  sodium  carbonate,,  potas- 
sium sulphate) 1 2. 56 

Insoluble  residue: 

Calcium  sulphate,  calcium  carbonate,  magnesium  carbonate,  silica  (very 

small) 22.93 

Organic  matter  and  chemically  combined  water 2. 37 

Total 37.86 

o  Hilgard,  K.  W.,  Subterranean  water  supply  of  the  Sati  Bernardino  Valley:  Report  of  irrigation 
Investigations  for  1901,  U.  S.  Dept.  Agric,  p.  134. 
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All  of  these  waters  are  in  constant  use  for  irrigation  or  f or  domesjitir 
purposes,  and  the  small  proportion  of  salts,  particularly  of  the  harm 
ful  soluble  varieties,  makes  them  very  desirable  for  this  use. 

Professor  Hilgard  points  out  that  both  the  Gage  canal  and  thf 
Warm  Creek  waters  contain  percentages  of  the  fertilizing  potas?iiuD. 
sulphate  which  are  unusual  in  ground  waters  and  amount  to  47  and  h:; 
pounds  per  acre,  respectively,  on  the  basis  of  a  duty  of  1  niinerV 
inch  to  5  acres.  In  the  other  analyses  the  potash  was  not  separate!} 
determined. 

The  hot  wells  and  springs  of  the  valley  are  very  generally  utillz^-l 
for  baths  or  medicinal  purposes  in  connection  with  health  resorU 
Some  complete  and  partial  analyses  are  available  which  illustrate  their 
character. 

Mr.  F.  M.  Coulter,  of  Los  Angeles,  has  furnished  the  followiuj: 
analysis  of  water  from  one  of  the  Arrowhead.  Springs: 

Analysis  of  water  from  Arrowhead  Springs,  California. 

(E.  W.  Hilgard,  analyst.]  Pan*  v 

Sodium  chloride  (common  salt) 14.  U^ 

Sodium  sulphate  (Glauber^s  «alt) 73. 4< 

Potasflium  sulphate 6.  ^ 

Calcium  sulphate 2. 

Magnesium  sulphate 

Calcium  carbonate 2. :): 

Magnesium  carbonate "w^ 

Lithium Tni«* 

Bonne Tra-*. 

Strontium Tra*» 

Silica 8.  .V. 

Organic  matter TratT 

Total  solids 108.  v 

Free  sulphureted  hydrogen,  cubic  inch  per  gallon ft- 

The  appended  analysis,  also  made  under  Professor  Hilgard^s  diref 
tion,  illustrates  the  character  of  the  water  from  the  Urbita  Hot  Spring*, 
near  San  Bernardino: 

Analysis  of  tcater  from  UrbUa  SpringSf  California.  Part*?' 

lOO.Ul 

Sodium  chloride 3.1 

Sodium  sulphate, 

Potassium  sulphate  (small  amount), 

Sodium  carbonate 7.*^ 

Calcium  sulphate,  \  . 


•r 


,,} »' 


J- 


Calcium  and  magnesium  carbonate, 

Silica 1. 

Chemically  combined  water,  etc , ^.  ^' 

Totel 41.^ 
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An  old  anal^'sisof  the  Harlem  Springs  water,  accredited  to  Professor 
Woodbridge,  of  Pasadena,  shows  the  following  solids  present: 

Analyns  of  water  from  Harlem  Springs^  California.  ^SJooff' 

Sodiam  chloride 3. 89 

Sodium  sulphate 14. 36 

Potassium  sulphate Trace. 

Sodium  carbonate 3. 20 

Calcium  carbonate,  etc : 4. 47 

Silica 3.15 

Total , 29.07 

The  large  proportion  of  the  laxative  medicinal  salt,  sodium  sulphate 
(Glauber's  salt),  in  all  these  hot  waters  is  worthy  of  note. 

TABIiBS  OP  TJJJW. 

For  a  number  of  years  measurements  of  stream  flow  and  of  the 
amounts  of  water  carried  in  the  various  canals  of  San  Bernardino  Val- 
ley  have  been  made  bv  the  United  States  Geological  Survey  and  by 
engineers  engaged  in  private  practice.  The  results  have  been  pub- 
lished from  time  to  time  in  the  water-supply  papers  of  the  Survey, 
but  for  convenience  of  reference  those  which  are  of  greatest  impor- 
tance to  water  users  in  the  valley  are  assembled  in  the  tables  that 
follow: 

MILL  CREEK. 

Discharge  measurements  of  Mill  Creek  at  headworks  of  CrafUm  canal,  San  Bernardino 

County y  CaL. 


Date. 


July  29, 1896 

April  12,  1898 

April  29,  1898 

June  12,  1898 

July  23, 1898 

September  8,  1898. 
October  18, 1898... 
November  9,  1898. 
Decembers,  1898.. 
January  12,  1899.. 
February  18,  1899 
March  23, 1899... 

May  6,  1899 

May  31,1899 

June  15,  1899 

July  15,1899 


Hydroerrapher. 


J.  H.  Quinton... 
J.  B.  Lippincott. 

do 

do 

do 

do 

F.H.  Olmsted... 

do 

do 

S.  G.  Bennett... 

do 

do 

do 

do 

do 

do 


Dischai^. 


Hecmid-feet. 
14.2 
15.7 
18.9 
18.1 
11.8 
13.1 
15.3 
15.2 
12.6 
10.8 
10.4 
15.6 
14.6 
11.6 
6.8 
7.4 
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Discharge  m^cuturements  of  Mill  Creek  cU  headworks  of  Crafton  canal,  etc. — ContinDHJ. 


Date. 


July  27, 1899 

August  24,  1899 . 
August  24,  1899 . 
April  14,  1900... 

May  5, 1900 

May  5,  1900 

July  13, 1900 

July  13,  1900 

October  2, 1900.. 
March  30,  1901 . . 

July  6, 1901 

Decembers,  1901, 

April  5,  1902 

Aprils,  1902 


Hydrographer. 


S.  G.  Bennett 
do 


....do 

....do 

....do 

....do 

....do 

....do 

W.  W.  Ck)ckins,  jr. 

S.  G.  Bennett 

....do 

....do 

....do 

....do 

do 


May  31, 1902 

July  10,  1902 .~ do 

September  3,  1902 ;  W.  B.  Clapp  . 

November  5,  1902 S.  G.  Bennett 


April  1,  1903 

April  24,  1903 

May  16, 1903 

June  9,  1903 

July  1,1903 

September  1,  1903., 

March  22,  1904 

September  21,  1904. 
November  11,  1904. 


W.  B.  Clapp 

W.  B.  Clapp  and  J.  C.  Clausen . 

W.  B.  Clapp 

do 

do 

....do 

W.  B.  Clapp  and  E.  C.  Murphy 

\V.  B.  Clapp 

E.  C.  La  Rue 


Disehaqrr' 

SeCOMd'ffrt 

4,3 
<»5.7 

M.5 
10. « 

«39." 

"5,4 
^3.4 
d%.6 
2t).<' 
23.3 
14.5 

15.  r 

«5.4 

19.: 

10.* 

12.) 
1,280 

3y 

68 

46 

29 

22 

17.6 

14.1 

11.: 


a  In  creek. 
f>  Pumped. 


c  Canal. 

d  Of  which  1.85  second-leet  is  pumped. 
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SANTA   ANA   RIVER. 

Discharge  meamremerUs  of  Santa  Ana  River  and  canal  at  Warm  Sfmng^  San  Bernardino 

County f  Cal. 


Date. 


June  20,  1896 

July  28,  1896 

November  21,  1896 
January  27,1897... 

March  4,1897 

June  15,  1897 

July  1,  1897 

July  6,  1897 

August  8,  1897 

September  30,  1897 
November  14, 1897 
January  8,  1898.... 

March  9,  1898 

April  11,  1898 

April  29,  1898 

June  12,  1898 

July  23,  1898 

September  8,  1898. 
October  18,  1898  ... 
November  9,  1898.. 
December  8,  1898  . 
January  12,  1899.. 
February  18,  1899. 

March  23,  1899 

May  6,  1899 

May  31,  1899 

June  15,  1899 

July  15,1899 

July  27, 1899 

AugUBt  24,  1899  . . . . 

April  14,  1900 

May  5,  1900 

July  13,1900 

November  20,  1900 
November  22,  1900 , 
February  5,  1901... 
February  23,  1901 . 
March  4,  1901 


Hydrographer. 


J.  B.  Lippincott. 
J.  H.  Quinton... 
J.  B.  Lippincott. 

do 

do 

do 

A.  Q.  Campbell  . 

do 

do 

do 

do 

do 

A.  H.  Crowe 

J.  B.  Lippincott. 

do 

do 

do 

do 

F.  H.  Olmsted  .. 

do 

do 

S.  G.  Bennett . . . 
do 


.do 

.do 

.do. 

.do. 

.do 

.do 

.do. 

do 

.do. 

.do. 

.do. 

.do. 

.do. 

.do. 

do. 


Discharge. 


:  Second/eet. 
80.05 
74.70 
35.18 
47.58 
105.  70 
82.74 
90.79 
71.37 
74.96 
65.48 
47.21 
34.28 
50.82 
39.28 
42.33 
39.06 
47.56 
36.67 
30.70 
21.78 
24.74 
38.00 
32.04 
37.22 
29.24 
22.10 
19.80 
25.90 
23.55 
10.86 
22.66 
24.40 
22.30 
102.00 
«15.64 
101.00 
110.00 
102. 00 


IRB  142—06 6 


a  Calculated. 
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Discharge  mewmranenUt  of  Santa  Ana  River  and  canal  at  Warm  Spring,  etc. — Continued. 


Date. 


March  30,  1901. 
July  6, 1901.... 
August  20,  1901 
Octobers,  1901. 
April  5,  1902... 
May  31,1902... 


Hydrographer. 


S.  G.  Bennett 

do 

do 

do 

. .,.  -do 

.....do 


July  10,1902 1 do 

Septeml)er  3,  1902 

Novembers,  1902 

February  6,  1903 

April  1,  1903 

April  2,  1903 

April  3,  1903 

April  24,  1903 

May  16,1903 

June  30,  1903 

August  31,  1903 

November  24,  1903 

Januarv  29,  1904 

March  4,  1904 

March  12,  1904 

March  22,  1904 

April  20,  1904 

April  21,  UK)4 

May  14,  1904 

May  28,  1904 

June  29,  1904 

September  21,  1904 

November  11,  UKM 


W.  B.  Clapp 

S.  (i.  Bennett 

VV.  B.  Clapp 

do 

do 

do 

W.  B.  Clapp  and  J.  C.  Clausen. 

W.  B.  Clapp 

do 

do 

do 

do: 

do 

do 

W.  B.  Clapp  and  E.  C.  Murphy 

W.  B.  Clapp 

do 

do 

do 

do 

do 

do 


Diflcharxt. 


Secmd-Jff*. 
44.  rt) 
39.:* 
30. 7S 
45. '3J 
55. 3) 
29.  lu 
2:1  .Vi 
24.  :y 
IH.d! 
40 

4,906 

1,068 
565 
132 
95 
56 
41 
26 
26 
3:i 
43 
39 
68 
59 
36 
39 
46 
58 
19 
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Discharge  measwrementa  of  Plunge  Creek  at  the  headworks  in  the  canyon^  San  Bernardino 

County^  Col. 


June  12,  1898 
September  9,  1898 
March  25,  1899 
August  25,  1899 


J.  B.  Lippincott 
.do 

8.  G.  Bennett 
.do. 

July  12, 1900 do 

April  7,  1902 do 

September  4,  1902 W.  B.  Clapp 

April  23,  1903 W.  B.  Clapp  and  J.  C.  Clausen 

May  17,  1903 W.  B.  Clapp 

September  11,  1903 do. 

September  21,  1904 do 


CITY  GREEK. 

Discharge  meamrements  of  City  Creek  ai  mouth  of  canyon^  San  Bernardino  County ,  CaL 


Date. 


Hydrogrnpher. 


June  11, 1898 '  J.  B.  Lippincott 

September  9,  1898 '• do 

March  25,  1899 ,  S.G.Bennett , 

August  25,  1899 [ do 

July  12,  1900 do 

October  1, 1900 1  W.  W.  Cock  inn,  jr 

April  7,  1902 S.G.Bennett 

September  4,  1902 W.B.  Clapp 

April  23,  1903 W.  B.  Clapp  and  J.  C.  Clausen 

May  17,  1903 W.  B.  Clapp 

September  11,  1903 do 

September  22,  1904 do 


Dl8chai!ge. 


Second-fed. 
3.03 
.07 
8.80 
.17 
.16 
.21 
12. 5 
.2 
22.00 
11.2 
.2 
.5 
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EAST  TWIN   CREEK. 
Discharge  meaturemerUs  of  East  Twin  Creek  in  canyon^  San  Bernardino  County,  Oil. 


Date. 


Hydrographer. 


J.  B.  Lippincott 

do 

S.  G.  Bennett. . . 

do 

do 


June  11, 1898 

September  9,  1898 

March  24,  1899 

August  25,  1899 

July  12,  1900 

October  1, 1900 W.  W.  Cockins,  jr 

April  4,  1902 S.G.Bennett 

September  4,  1902 

April  23,  1903 

May  17,  1903 

September  11,  1903 

September  22,  1904 


W.  B.Clapp 

W.  B.  Clapp  and  J.  C.  Clausen 

W.  B.Clapp 

....do 

....do 


DiarhAnr? 


Seeottd-f'ti. 

2  \M 


- 1 
1 1 


4.  > 
.  <i 

4.U 

.4 

10.0 

4.S 
.4 


WEST  TWIN   CREEK. 

Discharge  measurements  of  WeM  Twin  Creek  in  Waterman  Canyon^  San  Bemardin 

County,  Cal, 


Date. 


Hydrographer. 


June  11,  1898 J.  B.  Lippincott 

September  9,  1898 do 

March  21,  1899 S.  G.  Bennett 

August  21,  1899 1 do 

July  12, 1900 do 

October  1,  1900 1  W.  W.  Cockins,  jr 

April  4,  1902 S.  G.  Bennett 

September  4,  1902 ,  W.  B.  Clapp 

April  23,  1903 1  W.  B.  aapp  and  J.  C.  Clausen 

May  18, 1903 W.  B.  Clapp 

September  11,  1903 1 do 

September  21,  1904 1 do 


Dtarhanrt 

Seetmd-/*f: 

2.1 


;•> 


:i.  u 


8.rt 
4.4 

.4 
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LYTLE   GREEK. 

The  following  measuremeDts  were  made  by  A.  H.  Koebig  and  G.  O. 
Newman  in  connection  with  suits  in  which  the  title  to  the  water  supply 
of  this  creek  was  involved: 

Discharge  meaguretnents  of  Lytle  (\eek  at  mouth  of  canyofij  San  Bernardino  County ^  CkU. 
Date.  Discharge.  Date. 


Junes,  1892 

September  20,  1892 
September  30,  1892 
October  28,  1892... 
November  21, 1892. 
November  27, 1892. 
September  7,  1893  . 
September  18,  1893 
September  25,  1893 
October  4,  1893 . . . . 

Jane  6,  1894 

Junes,  1894 , 

July  10,  1894 , 

July  11,  1894 

July  25,  1894 


Second-feet. 
35.58 
18.70 
22.04 
20.64 
22.04 
20.68 
49.20 
49.20 
46.34 
45.30 
17.96 
15. 50 
13.  22 
13.  22 
13.36 


August  19,  1894  . . . 
August  25,  1894  . . . 

October  3, 1894 

September  2,  1895. 
September  30,  1895 

March  3,  1896 

April  23,  1896 

April  24,  1896 

April  25,  1896 

May  3, 1896 

May  4,  1896 

May  10,1896 

May  25, 1896 

May  26,  1896 


Discharge. 


Second-feet. 
11.44 
12.32 
16.20 
56.10 
40.78 
18.08 
19. 14 
18.60 
20.52 
18.52 
17.26 
18.16 
15.32 
12.84 


The  following  measurements  were  made  b}^  the  United  States  Geo- 
logical Survey: 

Diacharge  ineasuremenU^  of  Lytle  Creek  at  jnouth  of  canyon^  San  Bernardino  County,  Cal. 


Date. 


Hydrc^rnipher. 


July  24, 1896 J.  H.  Quinton.. 

June  10,  1898 J.  B.  Lippincott 

August  27,  1898 F.H.Olmsted. 

August  29,  1899 S.  G.  Bennett.. 

Junes,  1900 | do 

September  29,  1900 

April  4,  1902 

September  5,  1902 

April  1,  1903 


April  22,  1903 

May  19, 1903 W.  B.  Clapp 

July  2,  1903 1 do 

September  12,  1903 do 

September  22,  1904 do 


VV.  W.  Oockins,  jr 

S.  G.  Bennett 

W.  B.  Clapp 

....do 

W.  B.  Clapp  and  J.  C.  Clausen 


Discharge. 

Second-feet. 
15.7 
10.7 
10.0 
12.5 

6.2 

4.6 
19.9 

5.0 
1, 790. 0 
63.0 
29.5 
16.5 
14.7 

9.2 
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CANALS  ABOVE  COLTON. 

Comparative  amounts  of  ?wter,  m  »econd-feel,  flotving  in  canals  abovt  Colion, 

[K.  Ranboni,  obw.*n'er.] 


Name  of  ditch. 


Banihill  pumping  plant.. 

Beam  diU*h , 

Bloomington  pumps 

Brown  tract — arteHian 
well .' 

Camp  Carlton  dit«h 

Carr  pumping  plant 

City  of  Colton  (total  all 
pumpn) 

City  of  San  Bernardino. . . 

Colton  Terrace  Water  ('o. . 

Cooley  tract— artenian 
wells , 

Daly  ditch 

Gage  canal: 

Diversion 

Palm  avenue 


Gamer  tract— artcKi an 
well 


HawH  &  Talmage  ditch. . . 

Hunter  pumping  plant... 

Hurd  tract— artONian 
wellfl 

JohuHon  &  Hubbard 
(pumping  plant) 

Lamb  pumping  plant 

Lawson  Well  Co 

LogHdon  dc  Farrell  ditch.. 

Lytle   Creek   Water   and 
Improvement  Co 

Mclntyre  ditch 

McKenzie  ditch .\ . 

MeelcH  &  Daly  ditch 

Merryfield  pumpingplant. 

Mount  Vernon  Wat^T  Co. . 

Orange  Land  and  Water 
Co 


18dK. 


June. 


Sept. 


1899. 


Mar.  June. 


Aug.   Mar. 


0.67,    0.65     0.72     0.52 
5.26'    5.49    («)    ,    6.93 


6l!     1.20|    2.13     1.62 


6.82     7.40     3.20     5.49 


0.40     0.68 
3.05.    3.80 


1.02 


8.89 


2.55 


4.94 


1.97     1.61     1.69     1.30 

I 


.63 

1.10 
26.26 


.84 


1.30     1.69 


.67       .71       .51       .51 


1.16       .72       .24       .64 
25.07   26.68  25.22   23.47 


.00       .28       .00 


72 


63 


1.61'     1.15 


00 


.M 


1900. 


June. 


Sept. 


19lM. 


Aug. 
Sept..'  and     „^^ 
1902,  Sept.  I  ~i    . 


1908. 


June. 


I 


0.50 
3.68 


0.80 

0.33!    0.22       .08 


0.  S5     II.  Z 
.02       .» 


3.28'       .00     8.82:       .00     .\f. 


2.60 


1.67 


11 


1.70     2.20     2.50     2* 


3.21     3.54     3.53     $.17     3.00     i«* 

I    2.69     ^.*1 

1.53     1.08. 3i       .M 


1.54 


72 


39 


21.96 


00 


1.26 


.37       .04,       .82       .15 
2.rH,     2.08     9.40     3.86 


8.42,   17.00 


RaU'l  Dam  ditch 5.37'    3.07 

Ranchero  pumping  plant.     1.75     I.tV4 

Rivcrnidc  Highland.>4 
Water  Co  (Lytle  Cri^fk).'    4.40     4.13 

Ri  vernide  Highlands 
Water  Co.  (Sant»i  Ana 
River) 


RiverHide  Water  Co. 
(Flume  Pump  No.  1)... 

Riverside  Water  ('o. 
( Flume  Pump  No.  2) . . . 

Riverside  W'ater  Co.  (mill 
fliuue)  

Rivcrsldf  Water  Co.  (mill 
pump) 

Rivorwide  Water  Co,  ( River 
Diteii  Pump  No.  1) 

Riverside  Water  Co.  (River 
Ditch  Pump  No.  2) 


17.00   15.48 


.00 

2.00 

10.45 


2.36     1.54 
1.64     1.00 


94 
,41 


4.25     2.08     2.00 


3. 12 


:i.  'M\ 


1.94      2.04 


5.  30 


(") 


7. 29     2.  Titi 


1.77     1.67 


.14 

2.:» 

13.94 


1.12 


.29 
22.23 


.00 


54 


.00 


.17       .00 
27.85!  30.17 


.00!       -00 


2.70 

1 

1 

1 

30.82! 
.  77  . 

27. HH  :n.» 

1 

1 
•    1 

1.79 
.21'. 

1.S2      1    H 

1 

49 


.20 


00 


.42       .67 
. 24        .  24 


59 


65 


01 


.00       .00 


4.«i' 


1.57     1.69 


.00 


13. 7S;  14.68;  13.40 


.00 


r. 


12.  x7  i6.:a>  if..^ 

.9t>         -• 

'       91.      .«*: 


.54;     .:i5 


24. 


,55 


.1 


LOH     1.14 
.07.       .00 
1.33'     2.28     L09     1.46 


l.L 


6. 59     6. 38 


2.67     2.17 


(«)         1,88 


3.70 


1.52     1.20 


a  Pump.s  not  run. 
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Comparatire  amounts  of  coaler ^  in  second-feet,  fioming  in  canals  above  Cblton — Continued. 


1898. 

1899. 

1900. 

Sept. 
61.02 

Sept., 
1902. 

47.97 
4.38 

,       -\        1904. 

Name  of  dlteh. 

June. 

Sept. 
fii.a4 

Mar. 
60.53 

June.  Au^r. 
53.92  52.04 

1 

Mar. 
61.  M 

June. 
52.94 

and 

Sept., 

1908. 

Mav 

and 
June. 

Aug. 

1 

Kivemide  Water  Co.  (up- 
iH»r  canal ) 

59.04 

55.90 

42.40 

."»  IS 

Rofirere  pumpinsr  plant .... 

4.44 

Rostidale  Water  Co 

1 

.60 

no 

Shay  Sl  Stout  ditch 

2.30 

2.08 

2.23 

.86 

8.09 

1.13       .90 
.77       .69 
.62,    1.56 

.51 

.70 

2.55 

.40 

.89 

1.70 

.16 
.86 
.63 

.00 

.93 

1.88 

6.94 
.00 
.00 

Swamp  ditch 

1.00     1.02 
2.82     2.32 

.42 
1.61 

3.41 

.51          47 

Ward  &  Warren  ditch 

Went   Riverside  350-inch 
pumpins  plant 

6. 52     5. 9S 

Whitinir  ditch 

.26       .01 

.76 
.47 

.25 

.01 

1. 12 
.23 

.13 
.00 

.00 
.00 

Whitlock  ditch 

.34 

.38 

.28       .09 

- 

Woxencraf t  tract  artesian 
well 

.23 
155.25 

138.11 144.  fiO 

1 

131.46117.41125.61 

120.21 

Total 

146.44132.11 

110.14 

123.24127  «« 

lilBT  OF  WEIiI.8. 

In  Water-Supply  Paper  No.  t)0,  Mr.  J.  B.  Lippincott  published  lists 
of  the  most  important  of  the  wells  in  the  Redlands  and  San  Bernar- 
dino quadrangles.  The  edition  of  this  paper  was  exhausted  soon  after 
its  issue;  therefore  the  lists  are  here  republished.  No  attempt  has 
l>een  made  to  revisit  all  wells  or  to  secure  complete  revised  data 
on  water  levels  and  yield,  and  such  evidence  as  has  been  secured  on 
the  first  of  these  points  appears  in  PI.  VII  and  in  the  tables  on  pages 
57  and  68.  The  data,  therefore,  as  they  are  published  here,  represent 
conditions  as  they  existed  in  1900. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Hydrographic  Branch, 
Washington^  D,  C. ,  March  25^  1906. 

Sir:  I  transmit  herewith  a  manuscript  by  John  H.  Quinton,  super- 
vising engineer  of  the  Reclamation  Service,  entitled  "  Experiments  on 
Steel-Concrete  Pipes  on  a  Working  Scale,"  and  request  that  it  be  pub- 
lished as  one  of  the  series  of  Water-Supply  and  Irrigation  Papers. 

The  use  of  concrete  as  a  substitute  for  stone  and  metal  in  connec- 
tion with  engineering  projects  has,  during  the  last  few  years,  become 
well-nigh  universal.  One  of  the  most  important  fields  of  engineering 
investigation  is  that  of  determining  the  durability  and  permanence  of 
concrete  structures,  especially  those  erected  in  connection  with  water 
supplies.  The  investigations  reported  in  the  accompanying  manuscript 
are  therefore  of  peculiar  significance,  and  the  results  promise  to  be  of 
great  value. 

Mr.  Quinton's  experiments  have  been  made  upon  large  pipes,  and 

the  results  are  therefore  applicable  for  use  in  practical  engineering 

work.     Heretofore  similar  investigations  have  been  made  on  a  small 

scale,  and  the  conclusions  which  have  been  drawn  from  them  are,  as 

shown  in  the  accompanying  paper,  erroneous  in  many  respects. 

Very  respectfully, 

F.  H.  Newell, 

Chief  Eiigineei*, 

Hon.  Charles  D.  Walcott, 

Director'  United  States  Geological  Survey, 


EXPERIMENTS  ON  STEEL-CONCRETE  PIPES  ON  A 

WORKING  SCALE. 


By  John  H.  Quinton. 


INTRODUCTION. 

Preliminary  surveys  of  many  irrigation  projects  in  the  arid  States 
have  shown  that  pressure  pipes  or,  as  they  aie  often  called,  ''inverted 
siphons,"  will  be  necessary  for  the  economical  construction  of  some  of 
the  works  contemplated  by  the  Reclamation  Service.  Hitherto  such 
pipes  have  been  made  of  iron  or  steel,  or  of  wood  staves  bound  with 
iron  or  steel  rods.  During  the  last  few  years  the  manufacture  of 
steel  has  been  so  improved  that  steel  has  entirely  replaced  iron  in  all 
important  structures.  Therefore  the  choice  of  material  for  pressure 
pipe  has  been  limited  to  the  two  materials,  steel  and  wood. 

In  all  of  the  reclamation  projects  it  is  most  important  that  the  struc- 
tures on  the  main  canals  shall  be  of  a  permanent  nature.  The  works 
have  to  be  maintained  for  several  years  by  the  Reclamation  Service 
before  they  are  turned  over  to  the  people  of  the  district.  They  are 
to  be  paid  for  in  ten  annual  installments,  and  at  the  end  of  ten  years 
they  should  be  in  good  repair  and  as  sound  and  durable  as  when  they 
were  constructed.     This  condition  is  a  difficult  one  to  fulfill. 

STEEL    PIPE. 

Steel  pipe  is  naturally  limited  to  a  thin  shell  on  account  of  its  great 
strength,  weight,  and  cost.  It  is  easily  attacked  by  salts  and  acids, 
both  on  the  inside  by  the  water  flowing  through  it  and  on  the  outside 
b3^  the  material  surrounding  it.  A  slight  deterioration  in  so  thin  a 
shell  means  a  large  loss  in  strength,  and  the  life  of  a  steel  pipe  is 
therefore  limited  to  a  few  3^ears,  depending  upon  the  nature  of  the 
material  in  which  it  is  laid.  Experience  has  shown  that  in  alkali 
^ground  in  southern  California  the  life  of  sheet-steel  pipe  is  short. 
The  life  of  the  pipe  may  be  lengthened  by  a  coating,  both  inside  and 
outside,  of  asphaltic  material.  The  coating  is  applied  by  dipping  the 
pipe  into  a  hot  bath  of  the  asphalt  mixture.  If  this  dipping  is  not 
carefully  done  at  just  the  proper  temperature  it  is  not  likely  to  add 
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much  to  the  life  of  the  pipe.  The  coating  is  liable  to  be  broken  ir. 
places  by  careless  handling  in  transit  from  the  factory  to  the  work, 
and  unless  such  places  are  recoated  they  are  soon  attacked,  and  th^^ 
eflSciency  of  the  pipe  is  thus  materially  lessened.  In  all  of  the  proj- 
ects in  the  arid  States  more  or  less  alkali  ground  is  encountered^  and 
in  many  of  the  projects  provision  has  to  be  made  for  the  drainage  (j! 
the  lands  to  get  rid  of  the  alkali.  Under  these  circumstances  other 
and  more  durable  material  than  steel  or  iron  must  be  sought. 

WOODEN  PIPE. 

Wooden  pipes  are  now  ver^'  extensively  used  for  carrying  water 
under  pressure,  and  they  have  many  advantages  over  steel.  Largf 
wooden  pipes,  however,  must  necessarily  be  made  of  longitudinal 
staves,  bound  and  held  in  place  by  steel  rods  on  the  outside.  Thf 
wood  is  porous  and  is  soon  filled  with  the  water  under  pressure,  and 
this  makes  the  wooden  part  of  the  pipe  practically  safe  from  decay 
when  it  is  protected  from  the  rays  of  the  sun  either  by  a  layer  of 
earth  or  a  light  roof.  The  pipe  must  be  filled  with  water  at  all 
times,  however,  to  maintain  the  condition  of  saturation  which  is  nec- 
essary for  its  durability.  In  a  cold  climate,  such  as  that  found  in 
Montana,  Wyoming,  and  the  Dakotas,  it  would  be  unwise  to  keep  a 
pipe  full  of  water  in  the  winter  time  when  it  is  not  in  use  for  irriga- 
tion. Freezing  weather  would  certainly  affect  the  pipe  injuriously 
unless  it  were  buried  in  the  ground  deep  enough  to  be  unaffected  by 
frost.  The  entire  bursting  strength  of  a  large  wooden  pipe  is  derived 
from  the  steel  bands  or  rods  with  which  it  is  bound,  and  these,  when 
buried  underground,  are  then  exposed  to  the  same  destructive  agen- 
cies which  attack  the  steel  pipe.  The  form  of  the  bands,  however, 
being  generally  circu'ar  in  section,  gives  them  a  longer  lease  of  life 
than  the  thin  shell  of  metal  in  a  steel  pipe;  for  this  reason  a  wooden 
pipe  is  certainly  a  great  miprovement  on  a  steel  pipe. 

Wooden  pipes  also  have  their  limitations.  They  are  fragile  and 
easily  broken  })y  a  blow  from  the  outside  and  should  never  be  used 
where  they  may  be  exposed  to  falling  rocks  or  small  landslides.  If 
they  are  laid  on  the  surface  and .  exposed  to  the  I'ays  of  the  sun,  the 
wood  in  the  upper  half  of  the  pipe  soon  decays  from  alternate  wetness 
and  dryness,  caused  by  different  temperatures  in  sunshine  and  shade. 
In  the  heat  of  the  sun  the  upper  part  of  the  pipe  is  dried  rapidly,  and 
during  the  night  the  pressure  and  capillary  action  force  the  water  to 
the  surface,  to  be  dried  out  again  the  next  day.  This  action  may  be 
counteracted  in  warm  climates  by  building  a  roof  over  the  pipes,  but 
in  cold  climates  the  pipe  must  be  emptied  before  frost  sets  in  and 
allowed  to  remain  empty  all  winter.  This,  again,  subjects  the  pipe  to 
alternate  wetness  and  dryness,  although  at  longer  intervals;  it  also 
allows  the  staves  to  shrink  in  the  winter  time,  and  when  the  water  b 
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turned  into  the  pipe,  and  before  the  wood  has  had  time  to  swell,  sand 
and  gilt  are  forced  into  the  seams  between  the  staves,  and  the  pipe 
becomes  leaky  and  unserviceable. 

In  view  of  all  these  conditions,  it  was  thought  advisable  to  examine 
into  the  merits  of  steel  concrete  as  a  material  for  pressure  pipes  in  the 
place  of  steel  or  wood. 

STEEL-CONCRETE  PIPE. 

There  is  little  doubt  that  steel  concrete  is  a  much  more  durable 
material  than  either  steel  or  wood,  but  at  the  very  outset  it  presents  a 
serious  drawback.  Concrete  is  porous;  and  while  theoretically  it  might 
be  composed  of  such  material  as  would  render  it  impervious  to  water 
under  oixlinary  pressures,  practically  it  is  found  to  be  very  difficult 
to  make  it  so. 

Many  statements  have  been  made  as  to  the  waterproof  qualities  of 
certain  mixtures  for  concrete,  but  water  under  pressure  is  a  very 
searching  agent,  and  it  must  be  admitted  that  so  far  as  these  experi- 
ments have  gone  such  statements  have  not  been  substantiated.  To 
determine  just  how  much  pressure  of  water  ordinary  well-made  con- 
crete would  stand  without  leaking  seriously,  and  what  mortars  would 
most  effectually  stop  leaking,  and  up  to  what  pressure,  these  experi- 
ments were  undertaken. 

It  was  recognized  that  experiments  with  small  pipes  would  not  be 
of  such  practical  value  as  those  with  pipes  of  sizes  more  nearly  com- 
mensurate with  the  work  in  hand.  It  was  finally  decided  to  make 
seven  or  eight  pipes,  each  6  feet  in  diameter  inside  and  20  feet  long, 
with  a  6-inch  thickness  of  concrete  shell,  inclosing  an  armor  of  steel 
rods  sufficient  to  resist  a  head  of  150  feet  of  water  with  a  factor  of 
safety  of  4.  The  quantities  of  water  to  be  carried  in  the  different  proj- 
ects vary  from  250  to  1,500  second-feet,  and  this  size  seemed  as  small 
as  it  would  be  advisable  to  experiment  with  in  order  to  show  the  prac- 
tical difficulties  of  construction,  as  well  as  the  flaws  and  imperfections 
in  the  pipe  arising  from  careless  or  defective  workmanship. 

Water  under  pressure  tells  the  truth  without  fear  or  favor,  and  a 
careful  reading  of  these  pages  will  show  that  there  are  many  practical 
difficulties  to  be  overcome  m  the  construction  of  steel -concrete  pipe, 
and  that  the  most  careful  attention  to  details  and  rigid  inspection  and 
supervision  are  necessary  to  produce  a  steel-concrete  pipe  that  will 
stand  100  feet  of  head  of  water  without  appreciable  leakage. 

COMPOSITION  AND  CONSTRUCTION  OF  PIPES. 

Experience  with  concrete  structures  has  shown  that  with  nearly  all 
kinds  of  cement  there  is  an  efflorescence  deposited  on  the  surface  of 
the  concrete  wherever  there  is  sufficient  water  back  of  the  wall  to  force 
this  efflorescence  to  the  surface.     This  is  due  to  the  permeability  of 
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the  concrete  and  the  passage  of  the  water  through  it.  Small  particles 
of  lime  or  cement  are  carried  to  the  surface  and  deposited  in  the  form 
of  white  powder. 

There  is  also  found  in  concrete  a  pulpy,  gelatinous  fluid,  called  by 
the  French  ^Maitance,"  from  its  milky  appearance.  Whenever  water 
is  forced  through  concrete  this  substance  is  deposited  freely  on  the 
surface. 

The  entire  subject  of  porositj'  and  permeability  of  mortar  and  con- 
crete has  been  very  ably  treated  by  M.  R.  Feret,  chief  of  the  Boulo^nt- 
laboratory  of  the  Fonts  et  Chauss^es,  in  a  paper  published  in  the 
Annales  des  Fonts  et  Chauss^es,  July,  1892,  and  a  most  interestiug 
discussion  of  the  subject  b}"  American  engineers  is  to  be  found  in  the 
Froceedings  of  the  American  Society  of  Civil  Engineere,  vol.  29,  No.  tJ. 
In  this  discussion  Mr.  R.  W.  Lesley  suggested  that  an  addition  of 
slaked  lime  to  the  concrete  of  which  the  pipe  is  composed  might  aid  in 
making  the  mortar  impermeable.  Some  of  the  pipes  tested  have  been 
made  with  this  addition.  Mr.  Lesley  also  referred  to  a  paper  bv 
Messrs.  J.  B.  Mclntyre  and  A.  L.  True  on  The  Fermeability  of  Con- 
crete under  High  Water  Fressures.  Some  of  the  conclusions  drawn 
from  the  experiments  made  by  these  gentlemen  are,  however,  rather 
sweeping. 

In  the  second  paragraph  of  these  conclusions  it  is  stated  that  con- 
cretes composed  of  mixtures  of  cement,  sand,  and  rock  in  the  propor- 
tions of  1:2^:4  were  impermeable  under  heads  varying  from  20  to 
80  pounds  per  square  inch,  and  in  the  last  paragraph  the  following 
statement  is  made: 

It  is  perfectly  safe  to  conclude  that  a  concrete  of  the  proportions  of  any  of  the 
specimens  which  did  not  leak  under  80  pounds  pressure  would  be  practically  imper- 
meable under  any  condition  ordinarily  found  in  practice. 

This  seems  a  rather  hasty  conclusion,  as  the  following  pages  show 
that  many  of  the  conditions  ordinarily  found  in  practice  render  it 
almost  impossible  to  make  a  long  and  large  concrete  pipe  impenneable. 
It  is  far  from  the  intention  of  the  writer  to  belittle  in  any  way  labo- 
ratory experiments,  but  great  care  must  be  exercised  in  drawing  con- 
clu5!iions,  especially  in  genemlizing  from  particulars. 

To  determine  just  how  a  steel-concrete  pipe,  made  by  ordinary  work- 
men in  the  usual  practical  way,  would  act  under  pressure  was  one  of 
the  main  objects  of  these  experiments. 

It  was  decided  to  make  seven  pipes,  with  diflferent  proportions  of 
sand,  gravel,  cement,  lime,  and  waterproof  material,  with  steel  armor 
sufficient  to  resist  a  head  of  150  feet  of  water,  with  a  factor  of  safety 
of  4,  under  such  conditions  as  would  be  found  in  most  of  the  projects 
under  consideration  by  the  Reclamation  Service,  these  conditions  beinjj 
well  understood  by  the  writer,  who  had  visited  the  various  localities 
and  was  familiar  with  them.     It  was  not  intended  or  supposed  that 
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the  experiments  would  cover  a  range  great  enough  to  exhaust  the 
subject  of  impermeable  concrete  or  mortar,  but  it  was  presumed  that 
they  would  indicate  the  best  mixtures  and  the  limit  of  pressure  which 
it  would  be  wise  to  fix  for  actual  work  in  the  field,  where  pipes  may 
be  3,000  or  4,000  feet  in  tength  and  of  large  diameter. 

COMPOSITION  OF  TEST  PIPES. 

The  composition  and  dimensions  of  the  test  pipes  are  given  below. 
All  measurements  were  made  loose,  in  boxes,  just  as  they  would  prob- 
abl}^  be  made  in  the  field.  These  pipes  were  all  made  by  workmen 
skilled  in  making  concrete,  who  had  been  employed  by  a  concrete  con- 
tractor in  Los  Angeles.  The  work  was  supervised  by  the  writer  and 
by  Mr.  W.  H.  Sanders,  consulting  engineer  of  the  Reclamation  Service, 
one  of  whom  was  present  at  all  times  during  the  construction  of  the 

pipes. 

Pipe  No.  1. 

Inside  diameter,  5  feet:  length,  20  feet;  thickness,  6  inches;  steel 
armor,  71  welded  rings  of  three-fourths-inch  round  steel,  and  eight 
longitudinal  steel  rods  one-half  inch  in  diameter.  In  all  pipes  except 
No.  7  the  armor  was  placed  in  the  center  of  the  shell. 

Material  used  for  concrete  for  pipe  No.  1. 

Parts. 

Cement,  Gillingham 1 

Sand — clean  river  sand — fine  to  coarse 2 

Gravel  refused  on  screen  of  1  J-inch  mesh  and  parsing  through  2i-mch  mesh  ...  2. 5 

Gravel  refused  on  screen  of  half-inch  mesh  and  passing  through  1  J-inch  mesh 2. 5 

Water 1.1 

In  this  pipe  169  cubic  feet  of  concrete  in  place  required  214  cubic 

feet  of  solid  materials,  measured  loose,  or  248.2  cubic  feet  of  solids 

and  liquid.     This  pipe  required  0.88  barrel  of  cement  to  one  cubic 

yard  of  concrete. 

Pipe  No.  2. 

Dimensions  and  armor  same  as  No.  1. 

Material  used  for  concrete  for  pipe  No.  2. 
m  Partfi. 

Cement,  Gillingham ^ 1 

Sand 2 

Gravel  refused  on  1-inch  mesh  and  passing  through  2}-inch  mesh 1.6 

Gravel  refused  on  half-inch  mesh  and  passing  through  1-inch  mesh 1.6 

Water 8 

In  this  pipe  169  cubic  feet  of  concrete  required  243.75  cubic  feet  of 
solid  materials,  measured  loose.  This  pipe  required  1.27  barrels  of 
cement  to  1  cubic  yard  of  concrete. 

Pipe  No.  3. 

Dimensions  and  armor  same  as  No.  1.  Half  of  the  water  used  in 
the  construction  of  this  pipe  was  mixed  with  soap  in  proportion  of 
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one-half  pound  of  soap  to  1  gallon  of  water,  and  the  other  half  wa- 
mixed  with  1  pound  of  alum  to  4  gallons  of  water.  The  materials  ar- 
in  the  following  proportions: 

Materidl  used  for  concrete  for  pipe  No.  S. 

Par 

Cement,  Ideal 1 

Sand 2 

Gravel,  half-inch  mesh .• :>. . 

Water 1 

In  this  pipe  169  cubic  feet  of  concrete  in  place  required  2S4  cubit 
feet  of  solid  materials,  measured  loose,  or  272  cubic  feet  of  solids  and 
liquid.  This  pipe  required  1.6  barrels  of  cement  to  1  cubic  yard  of 
concrete  in  place. 

Pipe  No.  4. 

Dimensions  and  armor  same  as  No.  1. 

Material  used  for  concrete  for  pipe  No.  4- 

Pan*. 

Cement,  Ideal 1 

Sand 2 

Gravel,  all  half-inch  mesh .4 

Water % 

In  this  pipe  it  required  247  cubic  feet  of  solids,  measured  loose,  (»r 
281  cubic  feet  of  solids  and  liquid  to  make  169  cubic  feet  of  concrete 
in  place.  This  pipe  required  1.4  barrels  of  cement  to  1  cubic  yard  of 
concrete  in  place. 

Pipe  No.  5. 

Dimensions  and  armor  same  as  No.  1. 

Material  used  for  concrete  for  pipe  No.  6. 


I 


Parts.  Part? 


.N 


or  ■ 


Cementing  material 1 

Sand 2 

Fine  gravel 4 


Lime  paste 1 

Cement,  Ideal 2 

Sand 6 

Fine  gravel 12. 

This  pipe  required  223  cubic  feet  of  solids  and  paste,  measured  loose, 
to  make  169  cubic  feet  of  concrete  in  place.  The  amount  of  waiter 
used  was  not  measured.  This  pipe  required  0.84  barrel  of  cement 
and  81  pounds  of  lime  paste  to  1  cubic  yard  of  concrete  in  place. 

Pipe  No.  6. 
Dimensions  and  armor  same  as  No.  1. 

Material  used  for  concrete  for  pipe  No.  6. 

Parts.  Pari5. 

Cement,  Gillingham 1]         fCementing  material 1 

Lime 1    ^^  Isand 2 

Sand.. 4  Small  gravel 4 

Water 2]         (Water 1 


J 
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This  pipe  required  252  cubic  feet  of  solids,  measured  loose,  and  288 
cubic  feet  of  solids  and  liquid  to  make  169  cubic  feet  of  concrete  in 
plac*e.  It  had  0.63  barrel  of  cement  and  128  pounds  of  lime  to  1 
cubic  yard  of  concrete  in  place. 

Pipe  No.  7. 

Inside  diameter,  5  feet;  thickness  of  shell,  6  inches;  length,  20  feet; 
steel  armor  composed  of  41  pieces  of  half-inch,  round,  welded  steel 
rod,  held  in  place  by  8  steel  rods  one-half  inch  in  diameter  and  20  feet 
in  length.     This  armor  is  set  If  inches  from  inside  of  shell. 

Material  used  for  concrete  for  pipe  No,  7. 

Parts.  Parts. 


•  or  ' 


Cementing  material 1 

Sand 2 

Small  gravel 4 


Cement,  Ideal 1 

JAme  paste i 

Sand 3 

Small  gravel 6. 

This  pipe  required  262  cubic  feet  of  solids  and  paste  to  make  172 
cubic  feet  of  concrete  in  plac*.e.  It  was  made  with  the  intention  of 
testing  the  elastic  limit  of  the  steel  and  concrete  together  as  compared 
with  the  elastic  limit  of  the  steel  alone,  but  it  will  be  seen  from  a 
perusal  of  the  experiments  that  this  was  impracticable  on  account 
of  the  leakage. 

METHOD  OF  PIPE  CONSTRUCTION. 

The  method  of  construction  shown  in  PI.  1  may  be  briefly  described 
as  follows: 

Nine  rectangular  frames  of  4-  by  6-inch  rough  pine  lumber  are  first 
set  up  on  the  line  of  the  pipe,  about  2i  feet  from  center  to  center. 
These  frames  are  about  7  feet  in  width  inside  and  8  feet  in  height. 

The  sills  of  these  frames  are  cut  out  to  the  form  of  the  lower  seventh 
of  the  outside  surface  of  the  pipe,  and  are  sunk  into  the  ground  until 
the  upper  ends  of  the  arcs  are  even  with  the  surface  of  the  ground. 
The  frames  are  then  steadied  and  braced  in  their  true  line,  and  the 
material  of  the  ground  surface  is  removed  to  the  form  of  the  lower 
part  of  the  outside  surface  of  the  pipe,  as  indicated  by  the  buried  sills. 
Tarred  paper  is  now  laid  over  this  surface  to  prevent  undue  absorp- 
tion of  moisture  from  the  cement  by  the  earth  or  by  dry  material. 

A  long  sill  is  then  laid  on  top  of  the  frames  on  center  line,  as  shown 
in  PI.  I,  Ay  and  from  this  the  steel  armor  is  suspended  and  held  in 
place  by  a  few  small  blocks,  which  are  removed  as  the  concrete  work 
reaches  them.  The  wooden  form  for  the  inside  surface  of  the  pipe  is 
now  placed  inside  the  pipe  in  four  sections  and  nailed  together  with 
intersecting  chord  pieces  to  form  the  upper  six-sevenths  of  the  5-foot 
circle.  This  form  is  then  supported  inside,  in  its  true  position,  by  two 
pieces  of  2-  by  12-inch  plank  the  full  length  of  the  pipe  and  extending 
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iKsyond  it  at  the  ends.     These  planks  are  supported  on  two  vertk-a! 
pieces  of  2-  by  8-inch  timber  notched  and  held  in  place  by  spiking  t 
the  end  frames. 

This  arrangement  is  exhibited  in  PI.  I,  B^  which  shows  the  iiwde 
form  and  steel  armor  all  ready  for  commencing  the  concrete  work. 

The  tirst  batch  of  concrete  is  laid  on  the  tarred  paper  on  the  surfa^n 
of  the  ground.  This  concrete  has  to  be  carried  in  buckets,  and  depo?^- 
ited  quickly,  and  tamped  through  and  under  the  steel  armor  for  tht 
full  length  of  tl^e  pipe.  Special  tampers  are  made  to  fit  between  thv 
rings  and  care  is  taken  to  keep  the  rings  in  their  proper  position  until 
they  are  thoroughly  covered  with  concrete.  A  wooden  templet  of 
the  shape  of  the  inside  of  the  pipe  is  fixed  at  each  end  to  g^uide  th> 
.workmen  in  shaping  the  inside  surface  of  the  lower  one-seventh  of  tb^ 
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Fici.  1.— Diagrammatic  section  of  pipe,  showing  directionRof  tamping. 

pipe.  This  templet  is  plainl}^  seen  in  front  of  PI.  I,  B;  the  work- 
man's trowel  is  pointing  directly  to  it.  The  two  lower  sections  of  the 
outside  form  are  also  in  place,  so  that  as  soon  as  the  inside  seventh  of 
the  pipe  is  completed  the  concrete  can  be  run  in  and  tamped  from  the 
outside  and  the  work  of  laying  it  can  be  carried  on  continuously  until 
the  pipe  is  completed. 

When  the  concrete  has  reached  the  top  of  these  sections,  another 
section  of  the  outside  form  is  added  on  each  side,  and  so  on  until  the 
upper  part  of  the  pipe  ts  reached,  where  there  is  no  longer  any  neces- 
sity for  an  outside  form.  The  sections  of  the  outside  form  are  seen 
piled  up  in  the  foreground  of  PI.  I,  A^  and  the  method  of  fastening 
them  to  the  outside  frames  is  shown  clearly  in  PI.  I,  B, 

The  lower  seventh  of  the  pipe  is  tamjTed  from  the  inside  of  the  pipe 
in  the  direction  of  the  pressure,  and  the  upper  eighth  of  the  pipe  \^ 
tamped  from  the  outside  in  a  direction  opposite  to  that  of  the  pressure. 
The  remainder  of  the  pipe  (marked  A,  A,  in  fig.  1)  is  tamj^ed  in  a 
direction  normal  to  that  of  the  pressure,  or  in  what  may  be  called  a 

circumferential  direction." 


fcb 


DISKS  SET  READY  FOB  TEST. 


<itTiNTON.]  APPABATUS   USED   FOB   TESTING   PIPES.  17 

The  experiments  show  a  marked  difference  in  the  degree  of  perme 
i*.bility  of  the  concrete  when  tamped  in  these  different  directions. 

All  of  the  pipes  were  made  on  the  same  spot,  as  shown  by  frame- 
^virork  in  PL  I,  A^  and  when  hard  enough  were  rolled  over  to  left  and 
r-ight  alternately,  to  give  room  for  the  construction  of  the  next  pipe. 

Each  pipe  was  kept  wet,  both  inside  and  outside,  for  at  least  one 
N^'eek  after  completion,  and  the  last  three  pipes  were,  in  addition, 
oovered  with  canvas  to  protect  them  from  the  rays  of  the  sun. 

The  concrete  was  all  mixed  by  hand  in  the  following  way: 

In  the  case  of  sand,  cement,  and  gravel,  the  sand  and  cement,  after 
loose  measurement  in  boxes,  was  first  shoveled  over  three. times  dry; 
the  gravel  was  then  added  and  the  entire  mass  turned  over  twice  dry 
and  three  times  wet,  the  last  time  with  a  hoe.  It  was  then  shoveled 
into  buckets  and  wheelbarrows  and  laid  in  the  pipe,  where  it  was 
thoroughly  tamped.  The  buckets  were  used  for  the  lower  seventh  of 
the  pipe;  the  wheelbarrows  were  used  for  the  sides  and  top  of  the  pipe. 

PI.  II,  J.,  shows  method  of  finishing  upper  part  of  pipe. 

In  the  case  of  sand,  cement,  gravel,  and  lime  paste  (pipe  No.  5)  the 
paste  was  measured  in  boxes  in  the  same  way  as  the  other  materials, 
and  the  mass  mixed  just  as  before;  but  in  the  case  of  pipes  Nos.  6  and 
7  the  lime  paste  was  mixed  with  the  water,  and  the  lime  water  was 
used  for  wetting  down  the  concrete  during  the  process  of  mixing. 

The  work  was  all  done  in  a  careful  and  painstaking  manner,  as 
nearly  as  possible  in  the  way  in  which  it  would  be  done  on  any  ordi- 
nary piece  of  work  in  the  field,  under  careful  supervision  and  inspec- 
tion. The  first  pipe  of  this  series  was  completed  on  August  29,  1903, 
and  the  last  pipe.  No.  7,  was  completed  on  October  17,  1903.  In  the 
meantime  all  of  the  finished  pipes  were  kept  well  wet,  both  inside  and 
outside,  so  that  they  were  thoroughly  seasoned  when  the  tests  were 
commenced. 

The  pipes  were  all  carefully  squared  up,  and  true  planes  were  made 
at  the  ends  with  mortar  composed  of  one  part  cement  to  one  part  sand, 
with  a  small  quantity  of  lime  paste  to  retard  setting.  This  was  done 
to  make  as  perfect  a  joint  as  possible  between  the  cast-iron  ends  used 
in  testing  and  the  pipe  itself. 

APPARATUS  USED  FOR  TESTING  PIPES. 

To  fill  the  pipes  with  water  and  make  the  ends  tight  under  pressure 
two  cast-iron  disks,  with  suitable  reenforcing  ribs,  were  made  and  held 
in  place  by  steel  rods  passing  through  the  pipe  and  both  disks.  The 
inside  faces  of  these  disks  were  perfectly  smooth,  plane  surfaces,  as 
shown  on  PI.  III. 

To  prevent  leakage  between  the  disk  and  the  end  of  the  pipe  a  ring 
of  round  rubber  tire,  li  inches  in  diameter,  was  placed  between  the  disk 
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and  the  shell  of  the  pipe,  and  when  the  rods  were  tightened  by  ifc- 
nuts  at  each  end  this  gasket  was  flattened  on  the  end  of  the  pipe  aci 
formed  a  most  effectual  and  tight  joint  under  low  pressures.  It  wa* 
found,  however,  that  under  high  pressures  the  gasket  was  stretch^ 
at  the  joint,  which  was  not  vulcanized,  and  forced  toward  the  outside  if 
the  pipe  and  caused  leakage.  To  remedy  this  a  ring  of  i-  by  l-irA 
bar  steel  was  placed  around  the  gasket  and  between  the  disk  and  tt^ 
end  of  the  pipe,  and  no  further  trouble  arose  here. 

In  PL  II,  J?,  one  of  the  disks  is  clearly  shown  on  the  end  of  pip«- 
No.  2.  The  pipe  is  all  ready  for  testing.  The  small  pipe  to  the  left 
of  the  gage  is  designed  to  allow  air  to  escape  when  the  pipe  is  beine 
filled,  each  pipe  being  raised  at  one  end  so  that  the  air  can  be  expel)t< 
before  pressure  is  applied. 

The  connection  to  the  right  of  and  below  the  gage  is  for  filling  tii^ 
pipe  from  the  city  water  pipe  in  the  yard.  The  pipe  in  the  low»^r 
left-hand  corner  is  connected  with  a  pump  for  raising  pressure  ab(n> 
city  water  pressures.  The  large  connection  in  the  lowest  part  of  ibe 
disk  is  for  emptying  the  pipe.  The  eye  in  the  upper  part  of  the  di>L 
to  the  left  of  the  center,  is  for  the  purpose  of  holding  the  disk  when 
the  rods  are  being  adjusted.  Each  disk  weighs  about  1,500  poundv 
and  was  raised  to  its  place  by  a  differential  pulley  hung  from  the  light 
frame  shown  at  the  farther  end  of  the  pipe. 

The  disk  at  the  farther  end  of  the  pipe  is  exactly  similar  and  syni 
metrical  with  the  one  shown,  but  has  no  pipe  connections,  as  they  an 
not  needed. 

PI.  IV,  A^  shows  another  pipe  under  test  with  pump  and  ho<e 
complete. 

PI.  IV,  jB,  shows  the  method  of  raising  the  pipes  at  one  end  after 
the}'^  had  been  rolled  to  one  side. 

Each  pipe  weighed  about  10  tons,  and  had  to  be  raised  with  jack- 
screws  and  a  sling  of  manila  rope,  as  it  was  found  impracticable  to 
raise  it  by  wedging,  the  material  of  the  pipe  being  easily  injured  at 
the  ends,  where  it  was  needed  in  perfect  condition  to  allow  a  tighi 
joint  between  disk  and  pipe. 

TESTS. 

The  pipes  lay  in  a  position  nearly  east  and  west,  the  east  ends  bein^' 
shown  in  the  front  of  all  photographs. 

PIPE  NO.  I. 
PLASTER  LININGS. 

On  October  19,  1903,  this  pipe  was  covered  on  the  inside  with  one- 
half  inch  of  plaster.  Four  plasters  were  used,  the  section  covered  bv 
each  plaster  being  5  feet  in  length. 
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Plaster  No.  1  was  composed  of  1  part  cement  to  1  part  fine  sand. 

Plaster  No.  2  was  composed  of  1  part  cement  and  1  part  fine  sand, 
mixed  with  alum  and  soap  mixture — alum,  1  per  cent  by  weight  of 
cement  and  sand;  soap,  1  per  cent  by  weight  of  water. 

Plaster  No.  3  was  composed  of  1  part  lime,  2  parts  cement,  and  6 
parts  sand. 

Plaster  No.  4  was  composed  of  i  part  lime,  1  part  cement,  and  3f 
parts  fine  sand. 

The  plasters  were  kept  well  wet  for  several  days  after  completion, 
a,iid  the  test  of  the  pipe  was  not  made  until  February  26,  1904. 

Pipe  No.  1,  Test  1. 

The  results  of  the  first  test  of  pipe  No.  1  are  shown  in  the  following 
table: 

Test  1  of  pipe  No.  i. 


Date. 


Feb.    26 


Feb.    27 


Feb.    28 


Feb.    29 


Hour. 


9.08  a.  m. 
12.58  p.  m. 
12.60  p.  m. 


Later. 


1.30  p.m. 
3.00  p.  m. 
3.20  p.  m. 
4.45  p.  m. 
5.00  p.  m. 

8.00  a.  m. 
2.00  p.  m. 


11.30  p.  m. 


8.00  a.  m. 
9.00  a.  m. 


Prenure. 


Pounds. 

0 

0 

15 


23 


20 

»  ^  «  «  ^  fl 

24.5 
25.5 


25 


15 


14.5 


Obeervations. 


Water  turned  into  pipe. 

Pipe  full. 

Leakage  began.  Especially  strong  along  a  longi- 
tudinal seam,  hereinafter  designated  as  a  ''tamp- 
ingseam/'  causedby  necessary  delay  in  adjustment 
of  form. 

Gage  stationary ;  inflow  counterbalanced  by  leakage. 
I^uth  side  (most  exposed  to  sun)  is  {>orou8  and 
leaks  badly.  No  leakage  from  top  section,  which 
was  tamped  without  form. 


Leakage  on  north  side  decreased  fully  20  per  cent. 

Decrease  of  75  per  cent  in  entire  leakage. 

No  leakage  in  top  section.  Pressure  turned  off  for 
night. 

Only  20  per  cent  of  initial  leakage  persists. 

Top  section  shows  little  moisture  only.  North  side, 
leakt^e  almost  ceased.  South  siae,  leakage  de- 
creasing; laitance  appearing. 

Pressure  continued  all  night. 

Gasket  blown  out  causing  small  leak. 

Pipe  leaking  on  south  side  only. 

Pressure  continued  all  night. 

Not  leaking  appreciably  except  at  gasket.  Laitance 
oozed  out,  nearly  stopping  holes  in  pipe. 

Pipe  emptied  to  repair  gasket. 
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Of  the  four  plasters  applied  to  the  inside  of  the  pipe,  as  described 
on  page  19,  it  was  found  that  No.  4  allowed  the  smallest  amount  of 
leakage,  while  Nos.  1,  2,  and  3,  in  order,  rank  next  in  effectivenesfi^. 

When  pipe  No.  1  was  being  constructed  the  sections  next  to  the  top 
on  both  sides  were  made  of  dry  mixture,  by  order  of  Mr.  W.  H.  San 
ders,  as  the  watery  cement  was  oozing  from  the  boards  at  the  bottoiL. 
It  is  remarkable  that  these  two  sections  of  18  inches  each  show  great^^r 
leakage  and  more  gravel  uncovered  with  mortar  at  the  outside  surfat-e 
of  pipe  than  the  other  sections.  The  other  layers  were  put  in  very 
wet  and  the  boards  of  the  forms  were  coated  with  a  layer  of  almo^ 
pure  cement. 

When  the  water  was  drained  off  and  the  disks  were  removed,  an  exam- 
ination of  the  inside  of  the  pipe  revealed  a  hair  crack  the  full  len^t 
of  the  pipe  on  the  south  side,  at  the  junction  of  the  last  section  with 
the  top  section.  This  crack  crossed  all  the  mortars  and  was  evidently 
due  to  a  slight  yielding  of  the  concrete  before  the  strain  could  be 
taken  up  by  the  steel  armor. 

This  pipe  was  made  with  gravel  of  different  sizes,  with  the  id^ 
that  it  might  be  less  porous  than  a  pipe  with  gravel  of  a  more  uniform 
size.  It  must  be  admitted,  however,  that  the  filling  up  of  the  inter- 
stices of  the  coarser  material  by  the  finer,  which  appears  so  plausible 
in  theory,  is  most  difficult  to  accomplish  in  practice. 

The  crack  developed  in  the  pipe  shows  that  some  lining  or  pla-^ter 
of  an  elastic  as  well  as  of  an  impermeable  nature  must  be  foumi 
before  these  pipes  can  be  placed  under  much  pressure.  A  great  many 
of  the  experiments  have  this  end  in  view. 

No  arrangements  had  been  made  up  to  this  time  to  measure  the 
amount  of  the  leakage  from  the  pipes.  It  is  evident  that  although  a 
pipe  might  eventually  dry  up  to  such  an  extent  under  pressure  as  to 
reduce  the  leakage  to  an  inappreciable  amount,  it  might  leak  suffi- 
ciently before  drying  up  to  endanger  its  foundation,  and  cause  the 
destruction  of  the  pipe  piecemeal.  This  would  depend  to  some  extent 
upon  local  conditions  and  the  nature  of  the  material  on  which  the  pipe 
rested.  It  will  be  seen  from  this  experiment  that  the  leakage  is  very 
much  reduced  by  time,  but  it  is  doubtful  whether  this  fact  could  often 
be  used  to  advantage  in  practice,  for  the  above-mentioned  reasons. 

The  practically  constant  pressure  of  the  city  main  was  found  to  be 
much  more  advantageous  for  working  on  these  pipes  than  the  pres>ure 
developed  by  pumping.  A  quantity^  of  laitance  appeared  on  the 
outside  surface  of  all  pipes  a  few  hours  after  they  were  put  under 
pressure,  and  more  or  less  matter  composed  of  lime  particles  was  con- 
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stantly  exuding  from  them.  Experience  has  shown  that  this  mate- 
rial gradually  fills  up  the  pores  and  renders  the  pipe  more  impervious. 
A  high  pressure  applied  suddenly,  as  in  pumping,  would  tend  to  force 
this  matter  rapidly  through  the  pores  and  a  great  deal  of  it  would 
be  lost;  whereas  a  slow,  steady  pressure  would  naturally  permit  a 
greater  deposit.  As  a  matter  of  fact  few  of  the  pipes  or  mortars 
were  sufficiently  impermeable,  to  call  for  the  aid  of  the  pump  in  test- 
ing, as  the  city  pressure  varied  between  37  and  42  pounds  to  the 
square  inch,  and  this  was  as  much  as  most  of  the  pipes  would  stand 
without  leaking  so  much  as  to  endanger  their  foundations. 

Pipe  No.  1,  Test  2. 

As  stated  above  (p.  18),  this  pipe  was  coated  inside  with  four  plasters 
in  6-foot  sections.  It  received  an  additional  coating  of  two  coats  of 
P.  &  B.  waterproof  paint  on  the  east  half  and  two  coats  of  Sylvester 
wash  on  the  west  half.  On  March  11,  1904,  at  7.45  a.  m.,  city  water 
was  turned  on  and  gage  immediately  rose  to  35  pounds.  Leakage 
became  free  for  the  south  side  of  the  pipe,  and  was  about  twice  as 
much  as  on  the  north  side,  while  the  portions  covered  by  the  P.  &  B. 
paint  did  not  leak  one-half  as  much  as  those  covered  by  the  Sylvester 
wash.  This  was  very  evident  on  top,  which,  in  the  section  covered  by 
P.  &  B.  paint,  showed  barely  a  trace  of  moisture,  but  seven-eighths  of 
the  surface  of  the  section  covered  by  plaster  No.  4  was  moist.  This 
was  the  plaster  which  showed  the  slowest  percolation  under  test  No.  1. 

At  9  a.  m.  the  gage  registered  36  pounds  and  the  leakage  was  2i 
gallons  per  minute. 

At  10  a.  m.  gage  registered  37  pounds.     Leakage  about  the  same. 

At  3  p.  m.  the  pressure  was  reduced  to  30  pounds  and  the  leakage 
amounted  to  2i  gallons  per  minute. 

PIPE  NO.  2. 
PLASTER   LININGS. 

This  pipe  was  covered  on  the  inside  October  20,  1903,  with  a  half- 
inch  coat  of  two  different  plasters,  the  section  covered  by  each  plaster 
being  10  feet  in  length. 

Plaster  No.  1  at  the  east  end  was  composed  of  1  part  cement  and  3 
parts  sand,  loose  measurement. 

Plaster  No.  2  at  the  west  end  was  composed  of  1  part  cement,  one- 
half  part  lime,  and  4^  parts  sand,  loose  measurement.  . 
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Pipe  No.  2,  Trst  1. 
The  results  of  the  first  test  of  pipe  No.  2  are  as  follows: 

Test  1  of  pipe  No.  S. 


Date. 

Hour. 

Prenure. 

ObservaUona. 

PoundB. 

Mar.      1 

9.00  a.  m. 

0 

Water  turned  into  pipe. 

11.30  a.m. 

0 

Leakage  from  2  pin  holes,  north  side,  one-thini 
way  up. 

11.45  a.  m. 

0 

Leakage  from  3  more  pin  holes  on  south  side,  ea*t 
section,  along  line  of  '^ tamping  seam." 

12.00  m. 

0 

Leakage  from  5  more  pin  holes  on  south  side  at  a 
''tamping  seam;*'  4  in  east  section,  one  in  west 
section. 

1.30  p.m. 

Pipe  full  and  pressure  developed. 

1.31  p.  m. 

13 

Strong  leakage  commenced. 

1.32  p.  m. 

25 

Gage  stationary,  leakage  counterbalances  inflow. 

2.00  p.  m. 

25 

Leakage  on  south  (sunny)  side  twice  as  great  a? 
on  north.     Practically  no  leakage  on  top  secticn. 

2.45  p.  m. 

29 

Leakage  decreased  generally. 

4.00  p.  m. 

31 

Leakage  still  decreasing. 

4.15  p.m. 

31 

4.30  p.  m. 

31.5 

Laitance  and  lime  particles  exuding  freely. 

5.00  p.  m. 

31.75 

Leakage  water  shows  lime. 

8.05  p.  m. 

35 

Entire  top  section  sweating  freely.  Lime  formiofr 
rapidly  where  leakage  is  greatest 

8.25  p.  m. 

35 

Pressure  continued  all  night. 

Mar.      2 

7.40  a.  m. 

Gasket  on  west  end  blown  out.    Pipe  empty. 

The  city  pressure  in  the  mains  is  greatest  early  in  the  morning, 
when  the  draft  on  the  reservoir  is  least  and  the  inflow  has  raised 
the  water  to  its  maximum  level  for  that  day.  It  is  presumed  that 
when  this  pressure  came  on  the  pipe  the  friction  between  the  disk  and 
the  rubber  was  not  great  enough  to  hold  the  gasket  in  place  and  it  blew 
out  at  the  joint.  As  the  pressure  had  remained  for  about  20  minutes 
at  35  pounds,  it  is  presumed  that  the  leakage  had  continued  to 
decrease  and  the  pressure  to  rise  accordingly  until  this  accident  hap- 
pened some  time  during  the  night.  To  prevent  a  recurrence  of  this 
trouble  a  welded  steel  ring  of  section  one-half  by  1  inch  and  larjife 
enough  to  fit  around  the  gasket  when  under  pressure  was  made  for 
each  end,  and  these  were  placed  in  position  and  the  heads  were  screwed 
up  a  quarter  of  an  inch  tighter  than  before. 
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Pipe  No.  2,  Test  2. 
The  results  of  the  second  test  of  pipe  No.  2  are  as  follows: 

Test  2  of  pipe  No.  £. 


Date. 

Hour. 

Pressure. 

ObservatioDB. 

Pounds. 

:Mar.      2 

5.00  p.  m. 

0 

Water  turned  into  pipe. 

8.10  p.m. 

•     *«»MW«« 

Pipe  three-fourths  full.  Slight  sweating  on  lower 
part  of  north  side  of  east  half  and  on  south  side 
of  west  half.     Gaskets  and  rod  washers  tight. 

9.40  p.  m. 

Pipe  full  and  air  vent  closed. 

9.43  p.  m. 

30 

9.46  p.  m. 

32.5 

Leakage  in  streaks  on  both  sides,  most  on  south, 
none  on  top. 

9.55  p.  m. 

33.5 

Leaka^  worst  on  south  side  but  less  than  in  test 
1,  laitance  and  lime  ])articles  having  closed  some 
oif  the  pores  of  the  pipe.  Water  spurts  to  a  dis- 
tance of  4  feet  from  large  pin  hole  near  top  on 
west  end. 

10.10  p.m. 

34 

Pressure  shut  off  for  night. 

Mar.      3 

7.40  a.  ra. 

Pipe  sweating  and  dripping  at  numerous  points, 
mostly  near  east  end.     Water  turned  into  pipe. 

7.48  a.  m. 

Pipe  full.     See  discussion  l)elow  on  amount  of  leak- 

7.49 a.  m. 

25 

age. 

8.00  a.  m. 
8.55  a.  m. 

32 
32.75 

Leakage  free  on  south  side.  At  east  end  on  south 
side  there  is  a  junction  of  the  bottom  and  next 
section  above.  Water  still  spouts  4  feet  from 
large  pin  hole. 

10.00  a.  m. 

34.5 

11.00  a.  m. 

35 

11.15  a.  m. 

35 

11.15  a.  m. 

to 
4.45  p.  m. 

35 

to 
36.5 

Leakage  measured  on  weir  shows  about  3  gallons 
\    per  minute,  or  five  times  as  much  as  when  pipe  is 
J     lull  but  under  no  pressure. 

4.45  p.  m. 

15 

Pressure  reduced  to  15  pounds  for  the  night. 

5.00  p.  m. 

15 

Leakage  measured  on  weir  one-half  gallon  per  min- 
ute, showing  that  pores  had  filled  up  somewhat 
during  day,  as  it  had  leaked  0.6  per  minute  dur- 
ing previous  night,  when  under  no  pressure. 

Mar.     4 

7.45  a.  111. 

7.46  a.  m. 

19 
36 

Increase  in  pressure  due  to  increase  in  city  mains. 
Pipe  sweating  freely,  0.36  gallon  per  minute. 
Full  city  pressure  turned  on. 

7.49  a.  m. 

35 

8.30  a.  m. 

35 

Weir  indicated  leakage  of  2.25  gallons  per  minute, 
a  sensible  decrease  from  day  previous. 

9.30  a,  m. 

• 

36.5 

One-inch  tin  wei  r  substituted  for  2-inch  weir.  Shows 
leakage  of  2  gallons  per  minute.  Greater  part  of 
leakage  at  one  spot  near  bottom  of  pipe  at  east  end. 

10.15  a.  m. 

Pipe  emptied  and  examined. 
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It  will  be  noted  from  the  above  table  that  on  March  3  at  7.4^3  a.  m. 
the  water  was  turned  into  the  pipe  and  in  8  minutes  it  was  full, 
indicating  that  the  pipe  had  leaked  when  not  under  pressure  during 
the  night  a  quantity  equal  to  the  run  of  the  faucet  for  8  minutes.  Pi[ie 
No.  1  required  3  hours  and  50  minutes  to  fill,  and  No.  2  required  4^ 
hours;  the  content  of  each  pipe  with  heads  screwed  tight  is  about  S^;» 
cubic  feet.  Taking  the  mean  time  of  filling  the  pipes  as  250  iDinute>. 
the  flow  from  the  faucet  would  be  1.58  cubic  feet  per  minute,  and  thi^ 
multiplied  by  8  equals  12.64  cubic  feet,  which  represents  the  leaka^'e 
during  the  night  when  no  pressure  was  left  on.  This  leakage,  equir- 
alent  to  92^  gallons,  occurred  in  9^^  hours  of  the  night.  This  means  a 
leakage  from  the  pipe  when  not  under  pressure  of  10  gallons  an  hour 
or  0.6  of  a  gallon  per  minute. 

Provision  was  then  made  for  measuring  the  leakage  from  the  pipe 
when  under  pressure  by  making  drains  beneath  it  for  collecting  all 
the  leakage  water  and  leading  it  to  a  small  tin  weir  2  inches  long. 

The  sand-cement  plaster  lining  contained  a  perfect  network  of  hair 
cracky,  while  the  lime-cement  plaster  showed  hardly  any.  The  great- 
est leakage  appeared  to  be  in  the  east  section  of  the  pipe,  which  had 
been  plastered  with  the  sand-cement  mixture. 

Both  sides  of  the  pipe  were  thickly  covered  with  laitance  and  lime 
deposits,  but  very  little  of  either  of  these  appeared  on  the  top  of  the 
pipe. 

Pipe  No.  2,  Test  3. 

This  pipe  was  originally  treated  with  two  kinds  of  cement  raortar, 
and  when  tested  the  first  time  showed  a  leakage  of  3  gallons  per  min- 
ute under  a  pressure  of  37  pounds  per  square  inch.  It  was  then 
washed  on  the  inside  of  the  east  half  with  two  coats  of  pure  cement 
\Tash,  and  on  the  west  half  with  two  coats  of  Sylvester  wash. 

Test  S  of  pipe  No.  g. 


Date. 


Mar.    17 


Hour. 


7. 30  a.  m. 


I    9.00a,m. 

10. 00  a.  111. 

1.00  p.  m. 

3. 00  p.  m. 


Pressure. 

Pounds. 
32 


36J 
37 
39 
38 


Observations. 


No  leakage  below  this  pressure. 

lieakage  1  gallon  per  minut«. 

Top  section  of  the  pipe  shows  moisture  only  in  spots 
over  about  one-third  of  its  area. 

Leakage  1  gallon  per  minute. 

Do. 

Do. 

Do. 

Considerable  laitance  formed  on  upper  half  of  pi}^. 
Leakage  more  of  a  general  sweat  and  less  flowinj; 
streams. 
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Date. 


>Iar.    17 


Mar.    18 


Mar.    19 


Hour. 

Prwwure. 

Poundt. 

5. 00  p.  m. 

38 

8. 00  a.  m. 

35 

8. 30  a,  m. 

0 

8. 00  a.  m. 

22 

8. 15  a.  m. 

24 

9. 00  a.  m. 

35 

Test  S  of  pipe  No.  S — Continued. 

Observations. 


Leakage  about  1  gallon  per  minute.  Full  city  pres- 
sure left  on  all  night. 

Leakage  2\  gallons  per  minute;  caused  probably  by 
opening  of  new  pin  holes  or  seams  as  result  of 
extra-heavy  pressure  on  city  mains  developed 
during  the  night. 

Pipe  allowed  to  remain  full  all  day  and  during 
night 

Full  city  pressure  turned  on.  No  leakag^e,  except  at 
one  spot  in  bottom;  apparently  a  serious  imper- 
fection in  pipe. 

Seepage  on  surface  of  pipe. 

Sweat  is  more  general,  but  not  as  much  as  on  Mar.  1 7. 


Pipe  No.  2,  Test  4. 

Pipe  No.  2  received  a  coat  of  Richards  plaster,  which  was  placed 
over  the  plaster  already  on  from  test  2,  and  a  half  sack  of  clay  was 
deposited  in  the  pipe  before  the  heads  were  attached.  On  April  28, 
190-1:,  this  pipe  was  filled  at  2  p.  m.  Pressure,  however,  was  not 
applied  till  2.30  p.  m.,  so  that  Mr.  Richards  might  be  present  at  the 
test.  There  was  absolutely  no  moisture  visible  on  the  outside  of  the 
pipe  up  to  this  time.  This  was  not  the  case  in  previous  t/Csts.  When 
the  pressure  was  applied,  the  gage  rose  steadily  until  it  reached  82 
pK)unds  and  fluctuated  between  32  and  34  pounds  for  half  an  hour 
before  any  leak  was  seen  except  near  the  bottom  on  the  west  end, 
where  there  was  supposed  to  be  a  flaw  in  the  pipe.  In  an  hour  there 
was  a  strong  sweat  at  several  places  on  the  outside  of  the  pipe,  but 
not  suflScient  to  allow  any  water  to  flow  away.  The  weir  showed  a 
leakage  of  nearly  2  gallons  per  minute,  nearly  all  of  which  came  from 
the  flaw.  At  5  p.  m.  there  was  a  trifle  more  sweat  on  the  pipe,  but 
the  ground  under  and  around  the  pipe  remained  dry,  except  at  the 
west  end,  where  the  flaw  was  located.  The  pressure  was  now  reduced 
and  the  pipe  was  left  under  a  low  pressure  all  night. 

In  the  morning  (April  29)  the  pipe  was  very  sweaty  under  a  pressure 
of  12  pounds,  although  there  were  several  dry  spots.  The  ground 
was  somewhat  moist  in  places,  but  was  not  soaked.  The  full  pressure 
was  now  turned  on,  and  the  gage  rose  to  35  pounds.  There  was  no 
visible  leakage,  the  surface  of  the  pipe  drying  off  rapidly  under  the 
influence  of  the  sun's  rays.  The  water  in  the  pipe  was  stirred  up  at 
intervals  to  keep  the  clay  moving.  The  pipe  remained  under  this 
pressure  all  day  without  any  apparent  change.  The  water  which 
escaped  through  the  flaw  was  colored  with  clay. 
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The  pump  was  applied  in  the  afternoon  and  the  pressure  was 
raised  to  40  pounds.  The  leakage  through  the  flaw  was  so  great, 
however,  that  it  was  determined  to  remove  the  heads  and  repair  the 
flaw.  This  was  done,  and  on  May  2,  1904,  the  pipe  was  overhauled 
and  a  distinct  crack  was  found  in  the  plaster  over  the  flaw  in  the  pipe. 
The  plaster  was  chipped  off  for  about  2  feet  square,  and  the  imperfect 
part  of  the  pipe  itself  was  chiseled  out  to  a  depth  of  2  inches.  This 
was  filled  with  good  cement  mortar  and  allowed  to  set  thoroughly.  In 
cutting  into  the  crack  or  flaw  it  was  found  partly  filled  with  clay. 

On  May  5  a  coat  of  Richards  plaster  was  placed  on  that  part  of  the 
pipe  that  had  been  repaired,  and  on  May  10  the  pipe  was  filled  at  noon. 
As  soon  as  the  pressure  was  turned  on  the  gage  rose  slowly  to  39 
pounds,  and  fluctuated  between  38  and  40  pounds  till  12.30  p.  ni.,  when 
moist  spots  began  to  show  on  the  outside  of  the  pipe,  mostly  on  the 
south  side. 

At  1  p.  m.,  the  pressure  remaining  the  same,  the  total  amount  of 
moist  surface  on  the  south  side  did  not  exceed  1  square  yard,  while 
the  amount  on  the  north  side  did  not  exceed  li  square  feet. 

At  1.30  p.  m.  the  sweating  had  spread  a  little  more,  the  pressure 
remaining  the  same.  A  little  leakage  around  the  gasket  at  the  west 
end  was  probably  caused  by  the  plaster  near  the  flaw  not  being  thor- 
oughly set.  This  leakage  through  the  gasket  amounted  to  a  little  less 
than  one-tenth  gallon  per  minute.  The  pump  was  now  attached  and 
the  pressure  was  raised  to  53  pounds,  when  the  pipe  commenced  to 
sweat  considerably.  The  pressure  was  kept  up  to  this  point  for  fifteen 
minutes,  the  sweating  increased  somewhat,  and  water  began  dripping 
in  places  along  the  south  side. 

At  %  p.  m.  the  pressure  was  raised  to  63  pounds  and  held  there  by 
pumping  for  two  minutes.  This  developed  a  verj^  strong  sweat  and 
a  small  leak  near  the  top  on  the  north  side.  The  dripping  increased 
to  such  an  extent  as  to  cause  water  to  gather  in  the  little  drains  at  the 
sides  of  the  pipe.  The  .pressure  was  now  lowered  to  55  pounds  and 
held  there  till  2.45  p.  m.,  when  the  leakage  amounted. to  half  a  gallon 
per  minute,  fully  one-fifth  of  which  came  through  the  gasket.  The 
pressure  was  maintained  at  from  53  to  56  pounds  until  3.45  p.  m.,  and 
the  clay  was  kept  in  motion  all  the  time,  the  weir  showing  an  increase 
under  this  constant  pressure. 

At  4  p.  m.  the  pressure  was  allowed  to  fall  to  that  of  the  city  mains, 
and  the  gage  registered  37  pounds. 

At  4.30  p.  m.  the  weir  showed  a  leakage  of  one-tenth  gallon  only, 
which  came  entirely  from  one  leak  at  gasket,  the  drip  from  the 
sweaty  sides  of  the  pipe  not  being  sufficient  to  make  the  water  flow  to 
the  weir.     The  pipe  was  left  under  pressure  all  night. 

On  May  11,  at  8  a.  m.  the  gage  registered  38  pounds,  the  weir  did 


QUIxNTON.]  TESTS,  27 

not  show  any  flow,  and  there  was  scarcely  any  drip  from  the  sides 
of  the  pipe.  The  pipe  was  allowed  to  stand  under  city  pressure  and 
the  clay  stirred  up  occasionally  until  3  p.  m.,  when  the  pump  was 
applied  and  the  pressure  I'aised  to  55  pounds.  At  this  pressure  the 
weir  showed  a  leakage  of  four-tenths  of  a  gallon  per  minute.  The 
pressure  was  then  raised  to  62  pounds  and  held  there  for  a  few  minutes, 
and  the  leakage  shown  by  the  weir  was  three-fourths  of  a  gallon  per 
minute.  When  the  pressure  was  reduced  to  55  pounds  the  leakage  fell 
to  four-tenths  of  a  gallon  per  minute. 

The  pipe  remained  under  pressure  all  night,  and  at  8  a.  m.  on  May 
12  the  gage  read  39  pounds  and  there  was  no  drip  from  the  pipe.  The 
surface  on  the  outside  of  the  pipe,  however,  was  sweaty,  but  this 
moisture  disappeared  to  a  great  extent  under  the  influence  of  the  sun. 
The  pipe  remained  under  city  pressure  all  day  (37-39  pounds)  and 
the  clay  was  kept  stirred  up  occasionally,  but  there  was  no  apparent 
change  in  the  condition  of  the  pipe,  so  this  experiment  was  concluded, 
and  the  heads  were  moved  to  No.  3.     This  was  a  very  satisfactory  test. 

When  this  pipe  was  thoroughly  washed  inside  to  remove  the  clay,  it 
was  found  that  the  plaster  was  still  soft.  This  might  account  for  the 
high  pressure  which  this  pipe  stood,  as  a  harder  mortar  might  have 
cracked  and  caused  greater  leakage.  A  plaster  which  would  remain 
soft  and  plastic  for  a  long  time  might  possibly  afford  a  solution  of  the 
problem. 

It  will  be  observed  that  in  these  tests  the  amount  of  leakage  varies 
considerably  with  the  same  pressure  on  different  pipes.  It  was  thought 
at  first  that  the  pressure  and  leakage  should  be  proportional,  but  a 
little  consideration  will  show  that  this  could  not  be  so. 

It  requires  a  greater  pressure  to  force  a  given  quantity  of  water 
through  twelve  small  holes  than  it  does  to  force  the  same  quantity  of 
water  through  one  hole  as  large  as  all  the  small  ones  together,  in  the 
same  time.  If,  therefore,  the  quantity  of  water  which  leaks  through 
a  pipe  with  only  one.  opening  is  the  same  as  that  which  passes  through 
numerous  small  holes  in  another  pipe  in  the  same  time,  it  is  evident 
that  the  pressure  on  the  pipe  with  small  holes  must  be  greater  than 
that  on  the  pipe  with  one  large  hole. 

We  may  conclude  then,  that  the  pressure  on  a  sweaty  pipe  will  be 
greater  than  on  a  pipe  with  a  few  well-defined  leaks,  where  the  leak- 
age is  the  same  in  both,  in  the  same  time,  and  that,  with  the  same 
pressure,  the  leakage  may  vary  with  the  number  and  character  of  the 
openings  through  which  it  takes  place.  This  shows  the  great  import- 
•ance  of  careful  workmanship  on  pipes  of  this  kind.  Unfortunately 
this  class  of  work  is  most  frequently  done  with  unskilled  labor,  so  that 
the  practical  diflSculties  in  the  way  of  producing  a  waterproof  pipe, 
for  a  reasonable  price,  are  thereby  much  increased. 
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[NO.  Ha 


PIPE  NO.  3. 


Pipe  No.  3,  Test  1. 


This  pipe,  as  may  be  seen  from  its  composition  (p.  14),  was  madt 
with  the  idea  of  testing  a  pipe  constructed  of  waterproof  material 
and  no  coat  of  plaster  was  placed  upon  the  inside. 

TeM  1  of  Pipe  No.  S, 


Date. 


Hour. 


I*res8ure. 


Pounds. 


Otifiervations. 


Mar.     7 

4.00  p.m. 

0 

Water  tamed  into  pipe. 

5.00  p.m. 

0 

Leakage  commenced  on  south  construction  side  d 
pipe;  in  general,  much  less  leakage  than  in  pipe* 
N08.  1,  2,  and  4,  as  filling  proceeds. 

7. 45  p.m. 

0 

Leakages  from  pinholes  in  tamping  seams  at  U>t- 
tom  are  more  numerous  than  elsewhere. 

9. 15  p.m. 

4 

Pipe  full  and  pressure  turned  on.  Many  pin  holt^ 
develop.  Leakage  exceeds  9  gallons  per  minate. 
Pipe  most  impervious  of  any  yet  tested.  Pn?s- 
pure  turned  down  for  night. 

Mar.      8 

9. 30  a.m. 

4 

Leakage  9  gallons  per  minute. 

10. 00  a.m. 

5 

Leakage  alK)ut  the  same. 

10. 30  a.in. 

6* 

I..eakage  8  gallons  per  minute. 

10.45  a.m. 

7 

Do. 

11.00  a.m. 

d 

Do. 

4.00  p.m. 

in 

Leakage  6  gallons  per  minute. 

In  the  first  test  it  was  left  in  its  rough  state  inside,  just  as  it  came 
from  the  forms,  without  anj^  mortar,  and  the  highest  pressure  that 
could  be  obtained  on  it  was  12  pounds  to  the  square  inch,  with  a  leak- 
age of  5  gallons  per  minute.  As  the  leakage  was  already  sufficient  to 
show  that  it  would  he  unwise  to  build  a  pipe  under  such  conditions  in 
practice,  it  was  determined  to  (conclude  this  experiment,  and  the  water 
was  turned  off  and  the  pipe  allowed  to  drain. 

It  was  decided  to  give  this  pipe  a  coating  of  the  different  kind<  of 
plaster  and  make  another  test  on  it,  which  is  described  below.  It  is 
very  evident  from  the  experiments  that  although  the  leakage  decre^u^es 
rapidly  with  time,  some  impermeable  mixture  in  the  shape  of  plaster 
must  be  applied  to  the  inside  of  these  pipes  to  prevent  the  immense 
leakage  which  would  othei^wise  take  place  when  the  water  is  turned 
into  the  pipe.  Such  a  plaster  would  allow  a  more  gradual  penetration 
of  the  material  of  the  pipe  b}'^  the  water,  and  probably  afford  better 
conditions  for  filling  the  pores  of  the  concrete  with  the  compounds  of 
lime  which  tend  to  close  them,  and  render  the  concrete  impervious. 
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PiPB  No.  3,  Test  2. 

The  original  composition  of  the  pipe  was  1  part  cement,  2  parts 
sand,  and  3.2  parts  gravel  (half -inch  mesh),  mixed  with  water  impreg- 
nated with  soap  and  alum. 

The  pipe  now  was  coated  inside  on  the  east  half  with  a  mortar  half 
an  inch  thick,  composed  of  1  part  of  lime  paste,  1  part  of  iron  filings, 
2  parts  of  cement,  and  6  parts  of  sand,  all  mixed  with  water  having 
iron  filings  and  sal  ammoniac  in  the  proportion  of  70  pounds  of  iron 
filings  and  12  ounces  of  sal  ammoniac  to  42  gallons  of  water.  This 
mortar  was  first  tried  without  lime,  but  it  was  found  very  diflBcult  to 
make  it  adhere  to  the  pipe.  The  lime  was  added  to  overcome  the 
difficulty,  and  was  quite  successful  for  the  purpose.  The  west  half  of 
this  pipe  was  coated  with  half  an  inch  of  mortar,  composed  of  1  part 
of  fine  clay  and  1  part  of  cement.  This  mortar  checked  badly  in  set- 
ting, but  it  was  allowed  to  dry  under  the  same  conditions  as  the  other 
mortar,  the  checks  being  permitted  to  remain  as  they  developed,  in 
order  to  determine  how  it  would  act  under  pressure.  The  iron  mortar 
was  finished  on  March  9,  the  clay  mortar  on  March  10,  and  the  pres- 
sure was  turned  on  the  pipe  at  4  p.  m.  March  14.  The  pressure  ran 
up  rapidly  to  20  pounds  per  square  inch  without  any  leakage.  Some 
small  seams  and  pin  holes  then  commenced  to  leak,  and  kept  increas- 
ing until  the  pressure  was  up  to  35  pounds,  when  the  leakage  amounted 
to  2i  gallons  per  minute.  Three-fourths  of  this  leakage  was  in  the 
clay  end  of  the  pipe,  and  the  iron  mortar  was  evidently  by  far  the 
more  impermeable.  From  4  to  5  p.  m.  there  was  a  very  evident  filling 
up  of  the  leaky  spots,  all  the  pin-hole  jets  decreasing  until  they  were 
tiny  leaks.  The  pressure  was  left  on  all  night,  and  on  the  morning 
of  March  15,  at  8.30,  the  gage  read  38  pounds,  and  the  leakage  was  a 
little  less  than  1  gallon  per  minute. 

With  a  pressure  of  35  pounds  the  leakage  through  the  iron  mortar 
is  not  over  one-tenth  of  that  through  the  clay,  and  is  so  small  as  to 
be  of  no  consequence  in  practice.  The  result  of  this  experiment  shows 
that  with  a  pipe  of  Sylvester  wash  composition,  and  a  mortar  of  iron 
filings,  sal  ammoniac,  cement,  lime,  and  sand,  a  head  of  80  feet  would 
be  possible.  Just  how  the  sal  ammoniac  would  act  on  the  steel  armor 
embedded  in  concrete  it  is  impossible  to  state,  and  the  condition  of 
the  armor  when  the  pipe  was  broken  is  noted  on  p.  58. 

One  peculiar  circumstance  connected  with  this  pipe  was  that  although 
the  pressure  in  the  morning  was  38  pounds  with  a  leakage  of  less  than 
a  gallon  per  minute,  when  the  pressure  was  down  to  35  pounds,  owing, 
it  is  supposed,  to  the  variations  in  the  quantit}^  of  water  drawn  from 
the  city  pipes,  water  commenced  to  spurt  in  high  jets  from  the  pin 
holes,  which  had  shown  very  little  leakage  at  38  pounds.  These  jets 
were  all  in  the  clay  portion  of  the  pipe.  A  possible  explanation  of 
this  peculiar  action  is  that  the  pin  holes  had  been  stopped  up  by  small, 
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loone  particlen  of  clay  on  the  inside  surface  of  the  mortar.  As  soon  a^ 
the  pressure  was  relieved  by  a  sudden  draft  on  the  city  water  pipes 
these  particles  may  have  been  so  far  removed  to  one  side  of  the  pin 
hole  as  to  allow  the  water  to  spout  again.  The  pump  was  turned  ot- 
to this  pipe  at  9  a.  m.,  and  the  pressure  forced  up  to  4:2  pounds.  Thi- 
started  a  few  small  jets  through  the  iron  mortar  and  iiicreai«ed  tho* 
already  found  in  the  clay  mortar  to  such  an  extent  as  would  prevent 
the  use  of  that  part  of  the  pipe  under  that  pressure  in  practice.  Wlh»n 
the  heads  were  removed  it  was  found  that  the  mortars  liad  cracked  for 
the  full  length  of  the  pipe  in  four  different  places  at  tamping  seamx 
and  all  of  the  pin-hole  leaks  through  the  iron  mortar  were  traced  i«» 
these  seams. 

It  was  noticeable  in  this  test  that  considerablv  more  laitanrn 
appeared  on  the  surface  of  the  pipe  at  the  east  end  than  on  that  of  the 
west  end,  although  the  leakage  was  very  much  less  on  the  form*'r 
section. 

Thirty-eight  pounds  seems  to  be  about  the  limit  of  pressure  for  this 
pipe  and  mortar.  This  is  equivalent  to  a  head  of  87  feet,  but  con^Jid- 
ering  the  many  imperfections  of  work  in  actual  practice,  it  would  nU 
be  safe  to  count  on  over  70  feet  of  head  on  such  a  pipe,  and  then  only 
after  the  most  rigid  inspection  and  supervision  of  the  construction  of 
the  pipe. 

It  is  evident  from  this  experiment  that  as  soon  as  the  pressure  i> 
sufficient  to  stretch  the  steel  Ijeyond  the  tensile  strength  of  the  con- 
crete the  yielding  of  the  concrete  will  allow  the  weakest  seam  to  open. 

When  pumping,  the  pressure  tending  to  burst  the  pipe  was,  for  I 
inch  in  length  of  pipe, 

42x30  (radius  in  inches)  ==1,260  pounds, 

and  the  area  of  section  of  concrete  resisting  this  pressure  was  t>  square 
inches,  so  that  the  actual  strain  on  the  concrete  alone  amounted  to 

^  =210  pounds  per  square  inch.     The  steel  rods  are  three- fourth-* 

inch  in  diameter  and  are  set  3f  inches  from  center  to  center,  so  that  if 
the  pressure  is  taken  up  b}'^  the  steel  alone  it  would  amount  to 

1260  X3S     ^_.  ,  .     , 

~0~44"   =^9^>"*  pounds  per  square  mch, 

and  although  this  is  below  the  elastic  limit  of  the  steel  this  strain 
would  cause  the  steel  to  stretch  enough  to  crack  the  concrete,  which, 
of  course,  would  yield  first  at  the  weakest  place,  probabl}'  a  seam. 

Practically,  it  is  very  difficult,  if  not  impossible,  to  make  concrete 
pipes  of  large  diameter  without  seams,  either  longitudinal  or  trans- 
verse, and  to  overcome  this  defect  it  would  be  necessary  to  have  an 
elastic  as  well  as  an  impermeable  quality  in  the  plaster.  Efforts  will 
be  made  in  future  tests  to  find  such  a  plaster  for  lining. 
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Pipe  No.  3,  Test  3. 

In  the  second  test  of  this  pipe,  described  above,  two  different  kinds 
<3f  mortar  were  used — iron  mortar  on  the  east  half  and  clay  mortar  on 
-west  half.  As  the  clay  mortar  did  not  give  satisfactory  results  it  was 
chiseled  off  and  in  its  place  was  substituted  a  plaster  composed  of  1 
part  of  Ideal  cement,  1  part  screened  sand,  and  one-fourth  part  lime 
putty,  all  moistened  with  iron  and  sal  ammoniac  water.  The  east  half 
Avas  allowed  to  remain  as  it  was  in  test  No.  2.  The  entire  inside  of 
pipe  was  coated  with  a  wash  of  cement  mixed  with  "iron"  water. 

Tent  3  of  pipe  No.  S. 

Obaervationa. 


Date. 

Hour. 

Pressure. 

Pounds. 

Mar.    23 

2.55  p.  ni. 

25 
30 

3.30  p.  m. 

35 

4.00  p.  m. 

39.25 

Mar.    24 


Mar.    25 


4.30  p.  m. 
5.00  p.  m. 

8.15  p.  m. 

7.30  a.  m. 
7.30  a.  m. 

8.00  a.  111. 
9.00  a.m. 


12.00  m. 

2.00  p.  111. 
4.30  p.  m. 

7.30  a.m. 

7.45  a.m. 
8.15  a.m. 


39.25 
20 

30 

36 

38 

39.5 
40 


32 

32 
35 

34 

40 
40 

48.5 


Pressure  turned  on.  Number  of  pin  holes  north 
side  near  top  spouting. 

Few  small  leaks  on  south  side  near  top. 

Leakage  strong  along  two  of  the  cracks  which  were 
visible  on  inside  of  the  pipe  after  second  test. 

Leakage  1 .  75  gallons  per  minute.  Leakage  on  south 
side  diminished.  No  pin  holes  spouting.  North 
side,  9  or  10  pin  holes  spouting.  Ninety  per  cent 
of  all  leakage  occurs  here. 

Same  leakage  as  above. 

Pressure  reduced  for  the  night  to  allow  cracks  to 
close  up.  leakage  0.75  gallon  per  minute  with 
strong  sweat  at  cracks  and  no  pin  holes. 

Leakage  0.75  gallon  per  minute.  Strong  sweat. 
No  pin  holes. 

Leakage  0.25  gallon  per  minute. 

Full  city  pressure.  No  perceptible  change  in  ap- 
pearance of  pijie. 

Leakage  0.25  gallon  per  minute. 

A  few  pin  holes  commenced  to  spout.  Pressure  then 
turned  down  to  32  pounds,  and  spouting  ceased. 

This  pressure  continued  to  ascertain  if  leaking  seam 
will  close  or  cease  tp  leak  at  higher  pressure. 

Pipe  drving  fast.  Weir  shows  leakage  less  than 
0. 1  gallon  per  minute. 

Pipe  much  dryer. 

Leakage  so  small  as  to  be  barely  recorded.  Pipe 
dry  over  half  this  surface. 

Only  sweat  in  parts  of  crack.  Weir  shows  no  per- 
ceptible leakage.     Full  city  pressure  turned  on. 

No  strong  leaks  until  8.15. 

Leakage  0.3  gallon  per  minute.  Pump  started  and 
pressure  raised  t/i  45  pounds.  All  pm  holes  spout 
freely. 

C'racks  leaked  so  much  that  pump  can  not  overtake 
leakage. 
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When  the  heads  were  removed  from  this  pipe,  the  two  old  craib 
from  test  5  were  seen  plainly  developed  in  the  plaster,  although  one 
did  not  run  through  the  full  length  of  the  pipe.  There  were  also  tliree 
small  new  cracks  visible.  This  was  certainlv  the  most  satisfactorv  of 
all  the  tests  so  far.  It  must  be  borne  in  mind  that  a  pipe  in  actual 
practice  would  not  be  subject  to  much  fluctuation  in  pressure,  and  a> 
long  as  the  pipe  did  not  leak  materially  under  the  pressure  due  to  the 
maximum  level  of  water  in  the  canal,  it  would  probably  get  mort 
impenneable  with  age.  The  ends  of  the  pipe  being  always  open  it 
could  not  be  subjected  to  very  severe  water  hammer  if  proper  provision 
was  made  for  removing  air. 

Pipe  No.  3,  Test  4. 

When  this  test  was  made  the  pipe  was  in  the  same  state  as  after  the 
third  test,  except  that  the  plaster  was  repaired.  Before  the  head^ 
were  put  on  this  pipe  there  was  placed  inside  of  it  100  pounds  of  clav 
and  2  pounds  of  wood  ashes,  the  object  of  this  test  being  to  deter- 
mine the  efficiency  of  clay  and  ashes  as  a  means  of  stopping  leakage 
in  a  concrete  pipe. 

On  April  19,  1904,  at  3.45  p.  m.,  this  pipe  was  filled  and  the  pres- 
sure rose  to  25  pounds  before  an}'  noticeable  leak  occurred.  When 
the  pressure  reached  80  pounds  leakage  became  greater,  and  water 
spouted  very  freely  along  the  seams  that  had  been  chiseled  out  and 
filled  with  mortar  on  the  inside.  The  clay  and  ashes  were  kept  well 
stirred  up  inside  and  the  water  which  came  through  the  leaky  places 
was  very  muddy.  The  pressure  was  gradually  increased  to  32  pound>; 
the  leakage  was  4i  gallons  per  minute.  This  pressure  was  kept  on 
during  the  rest  of  tiie  day,  the  clay  being  stirred  constantly.  At 
5  p.  m.  the  pressure  was  reduced  for  the  night.  On  April  20, 1904, at 
8  a.  m.,  full  pressure  was  again  turned  on  and  cIbly  stirred  up.  The 
pressure  rose  to  34  pounds  and  the  leakage  amounted  to  3f  gallons  per 
minute.  By  noon  the  pressure  had  increased  to  35  pounds,  but  the 
clay  seemed  to  blow  through  the  cracks  and  the  pipe  was  leaking  ?«o 
nmch  that  it  was  decided  to  discontinue  the  experiment. 

Pipe  No.  3,  Test  5. 

The  pipe  was  thoroughly  washed  inside  to  remove  all  the  clay  which 
remained  after  t(^st  4.  This  left  the  pipe  with  one-half  inch  of  two 
di  fie  rent  kinds  of  planter  on  the  inside,  as  described  in  tests  3  and  4. 

On  April  26  an  additional  plaster  of  1  part  of  cement  to  li  parts 
of  sand  was  applied  and  troweled  down  to  a  smooth  surface.  This 
plaster  was  kept  well  wet  till  seasoned,  and  on  May  14  the  pipe  wai^ 
tilled,  a  sack  of  clay  having  first  been  deposited  inside. 
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Test  5  of  Pipe  No.  S. 


Date. 


May     14 


Hour. 


Pressure. 


'    Pounds. 

10. 3()  a.  m.  32 

I 

I  I 

I  11. (X)  a.  m. 


12.00  m. 


5.00  p.  in. 


May 


May 


12.00  m. 
2. 30  p.  m. 


May 


May 


2.55  p.  m.  I 

I 
I 

3.00  p.m.' 
3. 30  p.  111. 

5. 15  p.  m. 
18' I     8.00  a.  III. 

!  I 

5.  00  p.  m. 

. ;  I 

19        8.  00  a.  III. ' 


5. 00  ]).  m. 


May    20 


37 


39 
56 


62 


36 

38 
39 
38 


38 
37 


16 

8.00  a.  111. 

38 

5.00  p.  in. 

36 

17 

8.00  a.  in. 

39 

Obflcrvatioiia. 


Two  large  pin  holes  near  top  on  east  end  of  north 
side;  1  small  pin  hole  at  west  end. 

Strong  sweat  siKjts  on  north  side.  Small  pin  holes 
stopped  sponting. 

(ieneral  sweat  on  pipe,  l^eakage  0.75  gallon  per 
minute.  Clay  stirred  constantly,  and  pressure 
allowed  to  remain  all  the  afternoon,  fluctuating 
l)etween  35  and  40  iM)unds. 

Weir  indicates  leakage  of  n  little  more  than  one-half 
gallon  per  minute. 

(general  sweat;  2  large  pin  holes,  leaking  freely. 
Total  leakage,  one-half  gallon  i>er  minute. 

leakage  about  same  as  in  the  morning. 

Leakage  0.4  gallon  |»er  minute.  Considerable  lai- 
tance  has  formed  on  outside  of  the  pipe.  As  finger 
is  run  along  full  length  of  pipe  sweat  seems  to 
break  and  does  not  show  any  flow  except  on  north 
side,  where  several  leaks  are  foumi  At  place  of 
leaka^  thick  coat  of  iron  oxide  deposited  on  out- 
side ot  pipe.  Clay  constantly  stirred  during  fore- 
noon. 

IxiakageO.35  gallon  per  minute. 

Pump  attached.  Pressure  maintained  for  25  min- 
utes. Ix^akage  of  1  gallon  per  minute.  Leak- 
age along  upper  seam  on  north  side.  Strong 
sweat  on  south  side 

Pressure  raised  by  fast  pumping  and  held  for  12 
minutes.  Leakage  2  gallons  i>er  minute.  Ten 
per  cent  from  bolt  holes  and  gaskets. 

Pre&sure  allowe<l  to  fall  to  that  in  city  mains  and 
maintained  there  for  remainder  of  dav. 

Leakage  0.75  gallon  per  minute.  This  would  indi- 
cate that  the  pores  of  the  pipe  had  Ixien  opened 
by  great  pressure. 

Slight  reduction  in  leakage.  Pif)e  is  left  under  city 
pressure  all  night. 

Leakage  0.5  gallon  {)er  minute.  Pores  apparently 
closing  up.  Pressure  kept  on  all  day ;  clay  agitatecf. 

Slightly  reduced  leakage.  Pressure  left  on  all 
night. 

I>eakage  0.35  gallon  per  minute.  Pipe  under  city 
pressure  all  day. 

Leakage  0.35  gallon  per  minute.  Piix^  under  pres- 
sure all  night. 

Leakage  0.35  gallon  per  minute.  Considerable 
laitance  and  lime  on  the  surface.  No  leakage, 
except  at  pin  holes,  where  oxide  of  iron  is  get- 
ting harder.  Pipe  under  pressure  all  night  and 
all  next  day. 
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Test  5  of  Pipe  No.  3 — Contiuued. 


Date. 


Hour. 


Pressure. 


PouniU. 


Obsiervationit. 


May    2()       5. 00  p.  m. 


May 

25 

....... 

M     • 

m    m    m 

38 

Mav 

2(5 



38 

Mav 

1?7 

38-40 

5.  (K) 

P- 

m. 

May 

L'S 

i 

••- 

... 

39 

Mav 

2\) 
2 

39 

June 

60 

Pipe  quite  dry.  I.<*akaj2:e  0.3  gallon  f>er  niinutr 
ripe  left  under  pressure  until  May  23,  when  pn?- 
sure  was  reduced  to  zero. 

Leakage  0.25  gallon  per  minute.  Pipe  left  uij«]»- 
pressure  for  night. 

Leakage  0.1  gallon  per  minute.  Prc»s8ure  v>:i- 
tinned. 

Same  leakage;  pressure  released  at  noon. 

Pressure  again  applied  and  continued  all  night. 

Pipe  quite  dry.  leakage  less  than  0.1  gallon  !■« 
minute.     Pressure  continued. 

C'onditions  same  as  day  previous.  Pre^^ure  r.>  « 
turned  off.  Pipe  allowed  to  remain  full  of  wa'.tr 
until  June  2. 

Pressure  raised  by  pumping.  Increaseti  for  a  >horr 
time  to  (>5  pounds,  when  new  j)in  holes  blew  oi,t 
on  south  side.  Pressure  allowed  to  fall  to  :^ 
pounds  and  alloweil  to  remain  there  until  Jane  *'. 


This  pipe  was  left  under  city  pressure  from  5  p.  m..  May  14,  to 
8  a.  m.,  May  10.  Mam'  engineers  and  practical  pipe  makers  assert 
that  time  is  an  important  element  in  closing  the  pores  of  a  cement  piiK\ 
This  was  considered  an  excellent  opportunity  for  this  ti^^st,  as  the 
workmen  were  employed  in  the  yai'd  making  another  pipe  of  the  sjmie 
diameter  and  thickness,  but  in  sections  of  5  feet  each. 

June  9,  11)04,  when  the  leakage  had  lieen  reduced  so  that  it  could 
no  longer  he  measured  through  a  weir  1  inch  wide,  the  onh'  leaks  visi- 
ble on  the  surface  were  from  the  two  pin  holes  on  top,  and  the  leak^^ 
from  them  had  been  verv  much  reduced  in  the  last  few  davs.  Thi> 
pipe  had  now  been  practically  under  cit}'  pressure  foi-  about  three 
weeks,  and  the  leakage  had  decreased  from  three-fourths  gallon  per 
minute  to  less  than  one-tenth  gallon  per  minute. 

This  reduction  of  leakage  might  be  due  to  the  tilling  up  of  the  pores 
of  the  pipe  in  this  case  with  clay,  lime  deposits,  laitance,  or  oxide  of 
iron,  or  partly  with  one  or  more  of  these  ssubstances. 

The  fact  that  oxide  of  iron  formed  rapidly  on  outside  of  the  pipe 
only  at  the  pin  holes  does  not  necessarily  prove  that  the  sal  ammoniac 
might  permeate  the  concrete  and  attack  the  steel  rods,  but  naturally 
leads  to  grave  suspicion  that  it  does  so.  An  examination  of  the  steel 
rods  where  the  pipes  are  broken  up  will  show  what  has  happened. 

Just  what  influence  the  clay  mav  have  had  in  this  case  it  is  difficult 
to  say,  but  another  experiment  will  show  what  clay  can  do  on  an 
unplastered  concrete  pipe. 
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PIPE  NO.  4. 
Pipe  No.  4,  Teot  1. 

Pipe  No.  4  was  constructed  September  12, 1903.     No  plastering  was 
done  on  this  pipe.     During  the  time  the  experiments  were  being  made 
i>ii  pipes  Nos.  1  and  2,  from  February  26  to  March  4,  1904,  this  pipe 
^vas  coated  inside  on  its  east  half  with  two  coats  of  P.  &  B.  waterproof 
X>ii.int  No.  1,  and  its  west  half  with  three  coats  of  soap  and- alum  mix- 
ture, commonly  called  ^^ Sylvester  wash."    This  was  applied  precisel}'^ 
as  recommended  in  Trautwine's  Pocket  Book,  p.  672.     It  was  assumed 
from  the  results  of  experiments  on  pipes  Nos.  1  and  2  that  it  would 
l>e  useless  to  attempt  a  test  of  a  pipe  without  some  waterproof  plaster 
or  wash  on  the  inside.     The  Sylv-ester  wash  being  so  much  used  for 
waterproofing  was  thought  to  be  a  good  wash  with  which  to  make 
the  first  test,  and  as  an  elastic  coating  of  some  kind  was  deemed 
important  the  P.  &  B.  paint  was  selected. 

Ti'i4. 1  of  pipe  No.  4. 


UtiW. 


Mar.    4 


Mar.    5 


Mar.    7 


Hour. 

Prej<»<iire. 

" 

Pounds. 

4.  :w  p. 

in. 

0 

5.  00  p. 

m. 

0 

8.  40  p. 

ID. 

^ 

9.  25  p. 

1 

m. 

0 

8.00  a. 

ni. 

7 

10.00  a. 

ni. 

8i 

3. 30  p. 

m. 

lOi 

ObHervations. 


8. 00  a.  m. 


0 


Water  turned  into  pijHJ. 

2  Hinall  i^weat  ^\ro\jA  on  P.  <&  B.  section;  strong  drip 
on  Sylvester  wash  section. 

Pi  1)6  seven-eighths  full.  Only  slight  seef>age  in 
lower  half. 

Pipe  full.  Leaks  develop  freely  in  both  sections. 
Gage  would  not  record;  therefore  removed  for 
repairs,  and  light  pressure  left  on  pipe  all  night. 

Leakage  9  gallons  per  minute. 

I^icakage  decreasing. 

Leakage  decreasing,  but  still  sufficiently  bad  to  ren- 
der pipe  unsafe  in  practice.  Water  shut  off  and 
pipe  allowed  to  soak. 

Water  leaked  out  amounting  to  26  gallons  (>er  hour. 


The  appearance  of  the  pipe  outside  and  the  location  and  quantity  of 
the  leakage  indicate  that  the  Sylvester  wash  makes  a  better  lining 
than  the  waterproof  paint.  On  the  Sylvester  wash  section  of  the  pipe 
there  were  several  streaks  of  absolutely  dry  concrete,  whereas  the 
P.  &  B.  section  showed  moisture  on  all  the  surface  except  the  top, 
which,  as  the  pipe  had  been  reversed  in  position,  was  the  l)ottom  dur- 
ing construction. 

The  reason  for  so  much  leakage  through  a  so-called  * '  wateiproof " 
paint  was  explained  by  an  examination  of  the  inside  of  the  pipe.     It 
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wa.s  found  that  a.s  the  inside  surface  was  rough,  man}^  indentation? 
had  simply  been  bridged  over  by  the  paint,  and  when  pi-essure  wa> 
applied  these  s{)ots  had  yielded  and  allowed  water  to  pass  through. 

The  result  of  this  test  with  the  Sylvester  wash  is  dis^ppointiDtr. 
and  it  is  easy  to  conjecture  what  the  leakage  from  the  pipe  would 
have  been  without  the  wash.  The  difference  in  leakage  between  the 
plastered  pipes  Nos.  1  and  2,  and  No.  8,  which  was  washed,  would 
seem  to  fav^or  the  application  of  a  good  plaster  to  the  inj^ide  of  all 
concrete  pipes  subjected  to  the  pressure  of  water. 

It  was  remarked  in  the  tests  of  the  pipes  Nos.  1  and  2  that  the  leak- 
age on  the  south  side  of  each  of  these  was  very  much  gi-eater  than 
that  on  the  north  side.  These  pipes,  although  rolled  over  from  where 
they  were  made,  stood  in  the  same  relative  position  as  to  top  and 
bottom  as  that  in  which  they  were  made.  It  was  at  tirst  thoug'ht  that 
the  action  of  the  sun  on  the  south  side  of  these  pipes  for  the  live 
months  during  which  they  had  remained  in  the  yard  had  affet-ted  that 
side  injuriously,  but  when  pipe  No.  4  was  being  tested  it  was  ob?*en'eil 
that  the  greatest  leakage  occurred  on  the  north  side.  On  examination 
of  this  pipe  it  was  found  that  it  stood  in  the  reverse  position  from 
that  in  which  it  was  made — that  the  bottom  of  the  pipe  now  stood 
uppermost. 

It  is  evident,  then,  that  it  was  not  the  fact  that  the  pipes  had  stood 
so  long  under  the  I'ays  of  the  sun  in  the  yard  after  being  made  that 
had  affected  the  south  side  injuriously,  because  in  pipe  No.  4  the  north 
side  instead  of  the  south  side  seemed  to  have  been  affected.  As  all 
the  pipes  were  made  on  the  same  spot  it  is  probable  that  it  was  the 
greater  evaporation  on  the  sunny  side  when  the  pipes  were  being-  made, 
especially  at  the  tamping  seam,  that  had  affected  them  in  this  way. 
and  all  the  experiments  tended  to  corroborate  this  view  of  the  matter. 
It  would  seem  advisable,  therefore,  in  making  concrete  pipes  to  hold 
water  to  insist  upon  their  being  made  in  the  shade.  As  in  the  other 
pipes,  the  bottom  of  this  pipe  does  not  leak  nearly  as  much  as  the 
sides,  the  moisture  not  being  sufficient  to  cause  any  flow. 

Pipe  No.  4,  Test  2. 

As  stated  above,  this  pipe  was  coated  on  the  inside  with  two  coats  of 
P.  &  B.  waterproof  paint  on  east  half  and  with  two  coats  of  Sj'lvetster 
wash  on  the  west  half.  The  first  test  was  completed  on  March  7, 
1904,  and  on  March  28  this  pipe  was  coated  on  the  west  end,  over  the 
Sylvester  wash,  with  a  plaster  made  of  1  part  boiled  linseed  oil,  2  parts 
coal  tar,  1  part  sand,  and  1|  part  cement;  and  on  the  east  end  over  the 
P.  &  B.,  with  a  wash  composed  of  1  part  of  boiled  linseed  oil  and  '2 
parts  coal  tar,  enough  to  make  a  good,  thick  paint.  This  was  laid  on 
with  a  brush. 
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Test  2  of  pipe  No,  4- 


Date. 


Apr. 


1  I    8. 
12. 


Hour. 

00  a.  m. 
20  p.  m. 


Pressure. 


Pounds. 


Observations. 


12.40  p. 

m. 

1.30  p. 

m.  . 

2.30  p. 

in. 

4.30  p.  m. 


0  Water  turned  into  pipe. 

Pipe  full;  some  sweat  during  lilling  process. 

10  Pipe  commenced  to  leak. 

16  Leaked  freely;  less  under  plaster  than  under  wash. 

18  leakage  6  gallons  a  minute. 

19  Do. 

21  Slight  decrease    of    leakage;    pipe  sweating  over 

I  whole  surface;  pressure  now  cut  to  4  pounds. 

5  '  Pressure  increased;  leakage  2.75  gallons  per  minute. 


It  has  been  suggested  by  a  great  many  engineers  and  practical  men 
in  the  pipe  business  that  fine  clay  or  ashes,  or  both,  deposited  in  the 
water  passing  through  the  pipe  would  eventually  seal  up  all  the  leaks 
and  make  the  pipe  practically  tight. 

It  was  determined  to  test  this  theory,  and  accordingl}'^  a  small  stuf- 
fing box  wius  placed  on  one  of  the  cast-iron  heads,  and  an  agitator  in 
the  form  of  a  small  rake  with  a  handle  of  half-inch  round  steel,  work- 
ing in  the  stuffing  box,  was  added  to  the  ecjuipment,  so  that  the  clay 
was  kept  stirred  up  when  the  pipe  was  under  pressure. 

It  was  determined  to  make  a  close  examination  of  all  the  pipes  tested 
up  to  this  time,  with  a  view  to  putting  them  in  shape  for  testing  some 
more  theories  of  making  steel-concrete  pipe  impermeable  in  actual 
pmctice.  During  the  examination  it  was  found  that  in  order  to  make 
the  pipes  serviceable  for  further  tests  it  would  be  necessary  to  chisel 
out  the  longitudinal  cracks  which  had  been  developed  in  pipes  Nos.  3 
to  5,  inclusive,  and  fill  up  these  cracks  with  a  strong  mortar.  The 
cracks  were  accordingly  chiseled  out  about  1  inch  deep.  In  doing  this 
three  important  facts  were  disclosed. 

(1)  Pipe  No.  5  was  not  a  hard  concrete.  It  seemed  to  be  of  a 
crumbl}'^  nature,  and  it  would  have  been  easy  to  cut  a  hole  through  it. 

(2)  Some  of  the  longitudinal  cracks  in  pipes  Nos.  3  to  5,  inclusive, 
were  found  to  be  in  radial  planes  through  the  longitudinal  rods,  but 
only  at  the  rods  which  are  placed  on  the  sides  of  the  pipe,  in  sections 
A,  A,  as  shown  m  fig.  1,  p.  16. 

It  is  possible  that  in  tamping,  the  longitudmal  rods  in  sections  A,  A 
may  have  sprung  a  little  and  exerted  a  tensile  strain  at  these  points  in 
the  material  of  the  pipe,  rendering  them  the  weakest  places  when  the 
additional  pressure  of  the  water  was  turned  on. 

(3)  The  concrete  in  No.  3  was  exceedingl}'  hard,  and  the  plaster  had 
become  loose  in  the  bottom  part  of  the  pipe,  so  that  it  was  an  easy 
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matter  to  remove  a  strip  2  feet  wide  for  the  full  len^h  of  the  pipe. 
This  strip  was  replaced  with  fresh  mortar  of  the  kind  used  on  this:  pipe 
before. 

PIPE  NO.  5. 
Pipe  No.  5,  Test  1. 

The  west  third  of  the  pipe  was  covered  on  the  inside  with  one  coat 
of  a  wash  made  by  Mr.  C.  E.  Richards,  of  Los  Anjifeles,  who  claim* 
to  have  a  waterproof  wash  and  plaster  for  concrete  or  brick  walk 
The  middle  third  had  one  coat  of  plaster  and  one  coat  of  wash,  and  the 
east  third  of  the  pipe  had  two  coats  of  plaster.  This  pipe  was  madp 
September  22,  1903,  and  treated  inside  by  Mr.  Richards  March  y  and 
10, 1904:.  The  wash  was  applied  on  March  9  and  the  mortar  on  Manh 
10.  The  plaster  has  a  very  smooth  and  oily  appearance.  The  proc- 
ess is  not  patented,  but  is  a  trade  secret. 

Test  1  of  pipe  No.  5. 


Date. 


Hour. 


Mar.    12     10.50  p.m. 
12.30  p.m. 

3.30  p.m. 


Mar.    14 


4.10  p.  m. 
4.30  p.  m. 
4.40  p.  m. 

7.45  a.  m. 


Pressure. 


Pounds. 
0 
9 


Observations. 


9 

10 

24 
25* 
28 
29 


0 


20 


Water  tumetl  into  pipe. 

Slight  leakage  in  we8t  aection,  which  was  covereil 
with  wash  only;  remainder  of  pipe  dry. 

Pipe  full.     Several  pin  hoi 68  on  south  side  of  we>i 
third  commenced  spouting. 

Few  pin  holes  appear  in  east  section,  where  lining 
was  plastered  only. 

Few  more  pin  holes  in  center  section  where  lining 
is  both  plaster  and  wash. 

Leakage  rapid. 

Leakage  6  gallons  per  minute. 

J^eakage  5  gallons  per  minute. 

Leakage  4.5  gallons  per  minute. 

Pressure  turned  off;  pipe  allowed  to  remain  filleil 
with  water. 

Pipe  quite  dry  on  outside. 

Leakage  without  pressure  inconsiderable. 

No  leakage  until  this  pressure  is  reachetl,  when 
seams  and  pin  holes  spurt  as  on  Mar.  12. 


As  this  pipe  had  leaked  so  much  m  first  half  hour  under  pressure, 
the  experiment  was  concluded. 

Pipe  No.  5,  Testt  2. 

In  the  first  test  of  this  pipe  it  was  coated  on  inside  with  Richards 
wash  and  plaster  as  follows:  West  third,  one  coat  of  wash.  Middle 
third,  one  coat  of  plaster  and  one  coat  of  wash.  East  third,  two  coat> 
of  plaster. 
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On  March  22,  "1904,  this  pipe  received  on  the  east  and  middle  thirds 
an  additional  coat  of  plaster.  This  plaster  was  composed  of  1  part 
cement,  1  part  screened  sand,  and  one-fourth  part  lime  putt>'  moistened 
with  iron  water.  When  dry  it  was  covered  with  a  li^ht  wash  of  iron 
and  cement.  On  March  23  the  west  third  received  a  coat  of  Richards 
plaster. 

Test  2  of  pipe  No.  6,  ^ 


Dnto. 


Hour. 


Mar.    29  j    4.15  p.  m. 


Mar.    30 


4.40  p.  m. 
8.00  a.  111. 


8.00  a.  111. 


9.00  a.  m. 

10.00  a.  m. 
11.00  a.  m. 
12.00  m. 

2.00  p.  111. 

3.00  p.  in. 

5.00  p.  m. 


Mar.    31   i    8.00  a.  in. 

'     8.30  a.  m. 
I     9.00  a.  111. 


Pressurt*. 

Pounds. 
18 
20 

25 


Observallons. 


28 


23 


30 
34 

36 

36 

36i 

37 

37} 

37 

37 

14 

36 
36 


Leaks  l^egin  to  ehow  on  outside. 

Leaks  quite  free.  Numerous  pin  holes  near  the 
top  in  '*iron  plaster"  rejjion  of  section,  while 
Richards  plaster  section  remains  dry. 

Richards  plaster  section  liegins  to  show  leakage, 
though  not  as  much  as  reuminder  of  pipe.  Total 
leakage  4}  gallons  per  minute. 

leakage  same.  Pressure  reduced  to  12  pounds  for 
night  to  prevent  too  much  leakage. 

Leakage  1  gallon  per  minute.  Thirty  per  cent  of 
this  leakage,  from  cracks  in  the  plasters  on  the 
end  of  the  pipe  where  pressure  under  gasket  has 
affected  them. 

No  perceptihle  increase  in  leakage. 

Strong  leakage  at  2  spots  on  south  side  at  junction 
of  2  plasters.     No  pin  holes. 

leakage  3  gallons  per  minute.  Ditches  running  t<^ 
weir  and  submerged  surface  of  weir  sustained 
heavy  deposit  of  laitance. 

Leakage  3  gallons  a  minute. 

Do. 

Do. 
Leakage  2.75  gallons  per  minute. 

Do. 

Do. 

Pressure  reduced  to  8  pounds  for  the  night. 

I^eakage  ;}  gtillon  per  minute,  (ieneral  sweat  on 
the  pipe.  Full  city  pressure  turned  on  and  gage 
raised  at  once  to  35  (KMinds. 

leakage  2j  gallons  per  minute. 

Same  leakage.     Force  pump  applied. 


The  pressure  could  not  be  raised  above  39  pounds  with  the  pump, 
although  the  pin  holes  did  not  spout.  As  the  test  was  very  satisfactory 
the  pipe  was  emptied.  It  showed  considerable  laitance  on  the  outside 
and  a  slight  tendency  to  close  up,  but  leaked  too  much  in  the  first  24 
hours  to  make  a  safe  pipe  for  practice. 
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Pipe  No.  5,  Test  3. 

Thi.s  pipe  was  now  coated  inside  with  tw^o  coats  of  a  tufa  ela-sti- 
paint,  claimed  }>v  tiie  proprietor  to  he  an  inipernieahle  material.  Tht- 
first  coat  was  applied  July  27;  second  coat  applied  Aug'ust  4. 

The  results  of  the  third  test  of  pipe  No.  5  were  as  follows: 

Test  S  of  pipe  No.  5. 


Date. 


Hour. 


I*rc»ssiire. 


Pounrftt. 


Observation-H. 


Aug.    10  I  11.45  a.  in. 
3.50  p.  in. 


Aug.    11 


4.30  p.  m. 

r>.(X)  J),  ni. 

10.30  a.  ni. 

ll.(X)a.  ni. 


Water  turned  into  pipe.     When  pif»e  \vai«  n#-ariy 

full  small  leak  developed  at  west  en<i. 

Pipe  filled ;  when  air  cock  was  closetl  pressure  rai?^l 

nearly  25   (>ounds.     leakage  ap|)eare<l  to  \nr  n 
joint  near  tf)p  on  south  side;  also  along  iKittoni. 

30  '  Leakage  l)egan  on  north  ^ide  near  top  and  aioiis 
]K>ttoni.  Few  leaks  on  »u\e»  and  1  pin  h'.lK 
Bottom  leaked  quite  freely. 

(ieneral  sweat  all  over  pipe.  .Most  leakage  &I011?  twn 
seams  in  the  l)ottom. 


34 

34 
30 

32 
3« 


leakage  same.     Pressure  maintaincHl  over  night. 

Leakage  IJ  gallons  per  minute.  Only  two  plaiv> 
where  there  was  an  appreciable  flow  extvpt  in 
bottom  where  there  was  a  strong  drip. 

Leakage  2  gallons  per  minute.  No  appr(^>ia)>ie 
changt*  in  appearance  of  p\\>e. 

Ix'akage  2.2  gallons  per  minute. 

Before  this  test  was  commenced  three  large  orack? 
were  observed  on  the  outside  of  the  pii>e,  two  i»f 
them  ])eing  at  the  junctions  of  the  t^)p  laver  with 
the  sides,  running  the  full  length  tif  the  pijie. 
The  thin!  crack  extended  one-half  the  length  of 
the  pipe  and  was  in  the  center  of  the  top  layer. 
None  of  these  cracks  showed  on  the  inside,  nor 
did  any  of  them  leak  under  a  pressure  of  34 
poun<ls. 


Thirty -six  pounds  pressure  seems  from  the  above  test**  to  be  a 
measure  of  the  efficiency  of  the  tufa  elastic  paint.  The  same  pipe 
leaked  2i  j]^llons  per  minute  in  test  2  under  a  pressure  of  30  pounds. 

When  the  heads  were  removed  from  the  pipe  it  was  found  that  the 
paint  was  covered  with  blisters,  ranjjfing;  from  one-eighth  to  three- 
fourths  of  an  inch  in  diameter.  There  were  also  man v  blotches  of 
wrinkled  surfaces.  As  the  pipe  dried  out  on  the  inside  a  number  of 
surface  checks  developed,  similar  to  those  which  occur  when  paint  is 
put  on  any  surface  too  thickly. 

It  must  be  admitted  that  all  of  these  tests  made  on  washes  or  paints 
gave  very  poor  results;  nor  is  this  to  l)e  wondered  at  when  it  is  con- 
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>ii<lered  that  a  wash  or  coat  of  paint  i^  genemlly  so  thin  that  water 
i^^nder  pressure  is  sure  to  penetmte  it  sooner  or  later,  unless  it  were 
ill  the  nature  of  a  glaze.  A  glaze,  however,  being  generally  put  on 
^vith  heat,  is  necessarily  impracticable  for  pipes  such  as  are  required 
^or  use  in  the  Keelamation  Service. 

PIPE  NO.  6. 
Pipe  No.  6,  Test  1. 

This  pipe  was  coated  on  the  inside  east  half  with  a  wash  of  pure 
c-enient  (Ideal).     No  wash  or  coating  on  west  half. 

Test  1  of  pipe  No.  6. 


Date. 

Hour. 

Pressure. 

Pounds. 

Mar.      9 

2.15  p.  m. 

I              0 

4.00  p.  in. 

0 

Observations. 


Mar.    10  I    9.00  a.  in. 


0 


Water  turned  into  pipe. 

No  leakage  in  washed  section.  Pronounced  leak- 
age in  unwashed  section,  though  not  so  much  as 
in  previous  tests  at  the  same  stage  of  filling. 
Leaks  mostly  in  '* tamping  seams."  Pipe  left  for 
the  night  with  small  quantity  of  water  flowing  in, 
to  soak  it  up  gradually. 

Full  head  city  pressure  turned  on  leakage  at  im- 
l)erfect  places  in  unwashed  section  greater  than 
supply  from  city  main.  Pipe  emptied  for  com- 
plete inside  coating. 


Pipe  No.  6,  Test  2. 

The  pipe  leaked  so  badly  during  the  first  t^est  in  the  unwashed 
portion  that  it  was  impossible  to  fill  it  with  a  hose  delivering  11  gal- 
lons of  water  per  minute.  The  west  half  was  covered  with  two  coats 
of  Svlvester  wash  and  cement  mixed,  and  the  east  half  was  covered 
with  an  additional  coat  of  pure  cement  wash,  which,  with  the  two 
coats  applied  in  the  first  test,  made  three  coats  of  pure  cement  wash 
on  east  half.  These  coats  were  applied  March  10  and  11.  At  8  o'clo(^k 
on  March  IH,  1904,  water  pressure  was  turned  on  and  the  pipe  leaked 
6  or  7  gallons  per  minute  under  17  pounds  of  pressure.  The  leaks 
were  principalh'  through  seams,  and  as  they  showed  no  appearance  of 
diminishing  by  noon  the  pipe  was  emptied  and  the  heads  were 
removed  to  No.  2  for  a  second  test  of  that  pipe.  It  is  quite  evident 
from  this  test  that  a  wash  alone  on  the  inside  of  a  steel  concrete  pipe  is 
not  so  effective  as  a  plaster.  It  is  possible,  howevei*,  that  a  wash  on 
top  of  a  plaster  might  be  a  good  thing,  and  another  test  will  have  a 
bearing  on  this  subject. 
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Pipe  No.  6,  Test  3. 

This  pipe,  when  last  tested,  had  on  the  inside  three  coatfi!  of  purr 
cement  wash  on  east  half  and  two  coats  of  cement  mixed  with  Svlve>t*  r 
wa.sh  on  west  half,  and  the  result  of  the  test  being  unsatisfactory. « r 
March  21,  1904,  another  coat  of  cement  mixed  to  a  thick  paint  witi 
lK)iled  linseed  oil  was  applied,  and  on  March  22  another  coat  thick*  r 
than  the  first.  The  two  coats  required  40  pounds  of  cement  ami  ., 
gallons  of  oil. 

Teti  S  of  pipe  No.  6. 


Dat«. 


Hoir. 


PreaHure. 


Pimndi. 


Observations. 


^fa^.    26  ,    2.00  p.  m. 


Mar. 
Mar. 


27 

28 


2.00  p.  m. 
2.40  p.  m. 

8.00  p.  m. 
3.15  p.  m. 
3.30  p.  m. 
4.45  p.  m. 
4.40  p.  ni. 
7.45  a.  m. 

8.45  a.  m. 


18 


20 


6 

8 

11 


Pipe  filled.     No  leakage  during  filling. 

Strong  leakage  develops  on  lx)th  sitles,  where  thr- 
lx)ttoni  section  joins;  remainder  of  pipe  at»^»- 
lutely  tlry. 

Same  conditions. 

Slight  leakage  south  side  at  junction  of  sides  aLi/ 
top  section,  5  gallons  per  minute. 

Two  small  leaks  on  north  side  near  top  h«ei'tion. 

Pressure  reduced  to  6  pounds. 

Leakage  2\  gallons  per  minute. 

Leakage  2  gallons  per  minute. 

leakage  \\  gallons  i)er  minute. 


8  I  I^eakage  1}  gallons  per  minute. 
'      now  turned  on. 


Full  city  pressure 


20 


Leakage  4i  gallons  per  minute.    Test  unsatisfactor}- 
Pipe  emptied. 


It  is  quite  evident  to  the  writer  that  washes  of  any  kind,  unless  in 
the  form  of  a  glaze  or  a  soluble  glass,  are  ineffective  for  makiiicr  » 
concrete  pipe  impermeable.  Ev^en  if  they  were  effective  at  iirstH,.thp 
coating,  being  so  thin,  would  soon  be  worn  away  by  the  high  velooitv 
of  the  water,  which  is  necessary  for  economy  in  most  projects  in  tbe 
reclamation  work. 

PIPE  NO.  7. 
Pipe  No.  7,  Teot  1. 

The  pipe  was  composed  of  1  part  cement,  one-half  part  lime  paste.  3 
parts  sand,  and  6  parts  small  gravel.  It  was  completed  on  October  17. 
1908,  and  was  well  seasoned  with  water  for  several  days  aft^r  com- 
pletion.    It  remained  undisturbed  where  it  was  made. 

On  June  13,  1904,  about  100  pounds  of  fine  clay  were  placed  in  pipe 
No.  7  and  the  heads  fastened  on  the  ends  of  the  pipe. 


CiCTINTON.] 


TESTS. 


48 


Test  1  of  pipe  No.  7. 


Date. 


June   13 


June   14 


•June   15 


Mav    16 


June   17 


Hour. 


3.30  p.  m. 
5.00  p.  m. 

8.00  a.  m. 

4.45  p.  m. 
8.00  a.  m. 
5.00  p.  m. 
8.00  a.  m. 

11.00  a.  m. 

2.00  p.  in. 

5.00  p.  m. 

8.00  a.  in. 
10.40  p.  m. 

'  10.40  p.  m. 
10.45  p.  m. 

June  18  1    8.00  a.  m. 


3.30  p.  m. 


Pressure. 


Observations. 


Pounds. 


Water  turned  in. 

Pipe  commenced  to  leak  on  bottom.  Inflow  re- 
duced to  allow  the  pip>e  to  fill  slowly  during  the 
night. 

Pipe  leaking  badly.  Leakage  very  muddy  from 
stirring  up  of  clay.     Clay  stirred  all  day. 

Pipe  full  and  leaking  like  a  sieve. 

No  change. 

Water  turned  off;  clay  stirred. 

Water  turned  on;  3  hours  required  to  fill  pipe, 
showing  amount  of  leakage  during  night. 

Pores  closed  up  somewhat. 

No  pressure.     Increased  leakage. 

Water  turned  off  for  night. 

Water  tumeil  on. 

Pipe  full,  showing  less  leakage  than  on  previous 
night. 


3     Remained  at  this  pressure  all  day.     Clay  stirred 


2 
0 


I 


3 


constantly.     Pressure  left  on  all  night. 

Considerable  laitance.     Number  of  clay  streaks  on 
outside  of  pipe. 

Pipe  emptied. 


This  pipe  was  tested  for  six  days,  and  the  closing  up  of  the  pores  by 
lime  deposits  and  clay  combined  apparently  did  not  raise  the  pressure 
more  than  3  pounds.  During  all  this  time  the  pipe  leaked  so  })adly 
as  to  demonstrate  its  entire  unfitness  for  practical  purposes.  This 
experiment  will  serve  to  give  an  idea  of  the  value  of  clay  for  stopping 
up  the  pores  of  concrete  under  the  pressure  of  water. 


Pipe  No.  7,  Test  2. 

When  the  heads  were  removed  from  the  pipe  on  the  completion  of 
the  first  test,  the  inside  of  the  pipe  was  thoroughly  washed  to  remove 
all  tmces  of  the  cla3%  and  on  June  21  a  plaster  composed  of  1  part 
cement  (Ideal),  1  part  marble  dust,  and  1  part  fine  screened  sand  was 
placed  about  one-fourth  inch  thick  on  the  inside  surface  of  the  pipe  for 
a  length  of  17  feet  from  the  east  end. 

The  remaining  3  feet  of  inside  surface  at  the  west  end  of  the  pipe 
was  covered  with  Richards  plaster  of  same  thickness  (one-fourth  inch). 
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The  plaster  was  kept  well  moistened  till  noon,  when  a  thick  groutJD^ 
of  equal  parts  of  cement  and  marble  dust  was  painted  over  the  pk.<t*»r 
so  as  to  till  up  all  the  places  where  the  trowel  had  pulled  and  a  fe« 
checks  had  developed  by  too  quick  setting.  This  plaster  and  wash  wa- 
kept  well  moistened  until  June  25,  when  at  1  p.  m.  the  heads  wen- 
put  on  and  tilling  commenced. 

At  3  p.  ra.  there  was  great  difference  between  this  tilling  and  the 
previous  one,  as  there  was  no  sign  of  leakage  up  to  this  time,  and 
the  pipe  was  about  half  tilled. 

At  5.10  p.  m.  the  pipe  was  filled,  and  when  the  air  pipe  was  closeti 
the  pressure  slowly  rose  to  14  pounds,  and  in  a  few  minutes  the  |»ip»^ 
leaked  freely  over  most  of  its  surface.  Most  of  the  leakage  cam** 
through  the  liottom  layer,  and  at  5.25  p.  m.  the  gage  had  dropp^nl 
to  11  pounds.  The  pressure  was  allowed  to  remain  on  full  till  Mon- 
day morning. 

June  27,  at  S.30  a.  m.,  the  gage  registered  12  pounds,  and  the  leak- 
age was  nearly  7  gallons  per  minute.  The  pressure  was  reduced  to  :• 
pounds,  and  kept  at  that  for  the  remainder  of  the  day. 

June  28,  at  8  a.  m.,  the  pressure  had  risen  to  7  pounds  during  the 
night,  and  the  leakage  amounted  to  3  gallons  per  minute. 

The  pressure  was  now  turned  on  full,  but  the  gage  rose  to  only  l-^» 
pounds,  and  in  a  few  minutes  dropped  to  12  pounds;  the  l)Ottom  leaked 
as  freely  as  before,  though  the  sides  and  top  did  not  leak  as  much  a> 
before. 

It  seems  stmnge  that  the  bottom  part  of  this  pipe  should  leak  so 
badly,  as  in  the  other  pipers  the  top  and  bottom  sections,  which  were 
tamped  in  the  line  of  pressure,  leaked  much  less  than  the  sides,  whiih 
were  tamped  at  right  angles  to  the  lines  of  pressure.  The  pressure 
was  kept  on  full  until  noon,  when  it  was  reduced  to  5  pounds,  and 
held  at  that  during  the  balance  of  the  day  and  night. 

On  June  29  the  pipe  dried  off  a  good  deal  under  the  reduce<l  pve^- 
sure,  but  the  bottom  leaked  freely,  and  the  top  was  moist  in  siroU. 
while  the  sides  were  prac'ticall}'  dry.  Considerable  laitance  had 
formed  where  the  water  had  leaked  out  and  run  down  over  the  side*;. 

On  June  80  the  pressure  at  8  a.  m.  was  7  pounds  and  there  was  no 
material  change  in  the  action  or  appearance  of  the  pipe,  and  w^hen  full 
pressure  was  put  on  the  leakage  was  just  as  great  as  l>efore. 

The  pipe  was  kept  tilled  and  under  pressure  of  about  5  pounds  until 
July  8;  the  city  pressure  was  turned  on  occasionally,  but  the  greatest 
pressure  attained  during  this  time  was  15  pounds.  All  of  the  leaka^ 
of  conseqiu^nce  was  through  the  bottom  section. 

As  this  pipe  leaked  too  nuich  for  practical  purposes  the  water  vraiJ 
turned  off  and  the  experiment  concluded. 
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SUMMARY   OP   FIRST   zg   TESTS. 

In  looking  over  the  results  of  the  first  19  tests  one  thing  seems 
sure  -any  pipe  of  this  diameter  and  of  great  length  would  have  many 
iiii[)erfeetions,  many  of  which  can  not  easily  be  avoided.  The  greater 
part  of  the  leakage  in  nearly  every  case  in  these  tests  came  from  the 
tamping  seams,  and  by  this  method  of  constructing  the  pipes  these 
scams  arc  almost  a  necessity.  If  there  are  to  be  seams  at  all,  would 
it  not  be  better  to  make  them  where  they  can  be  seen  and  made  tight 
against  leaking,  so  that  more  attention  may  be  given  to  the  remaiuder 
of  the  pipe,  both  in  the  material  of  which *it  is  composed  and  in  the  plac- 
ing and  tamping  of  this  material  afterwards?  The  great  difficulty  in 
the  wa}'  of  making  a  large  pipe  of  steel  concrete  continuous  is  that 
there  are  not  onl}'  longitudinal  tauiping  seams  from  short  delays  nec- 
essarily incident  to  this  method  of  construction,  but  there  are  in  addi- 
tion cross  seams  wherever  the  work  may  stop  for  the  night  or  for  a 
day  or  more,  for  Sundays,  holidays,  or  on  account  of  bad  weather  or 
other  unforeseen  causes. 

This  naturally  leads  to  the  conclusion  that  the  pipe  might  be  more 
easily  and  economically  made  in  short  joints,  and  put  together  in  the 
trench  afterwards.  By  this  means  the  tamping  could  be  done  continu- 
ously in  each  joint,  so  that  there  would  be  no  leakage  from  tamping 
seams  between  joints,  and  special  attention  could  be  given  to  the  joints, 
in  order  to  render  them  water-tight  under  ordinary  pressure. 

A  longitudinal  seam  is  much  more  likely  to  leak  than  a  vertical 
seuni  in  pipe  under  pressure,  because  the  pressure  tends  to  open  the 
longitudinal  seam  while  it  does  not  necessarily  tend  to  open  the  verti- 
cal seam  unless  the  pipe  is  built  on  a  vertical  curve,  and  this  nmst  l)e 
guarded  against  or  provided  for,  if  necessary,  by  taking  up  the 
longitudinal  strains  with  steel  rods  or  cables.  This  method  would 
allow  more  care  to  be  taken  with  the  mixing  and  placing  of  the 
material  and  the  tiimping  of  it,  and  would  probably  result  in  a  much 
more  perfect  pipe  between  joints.  There  are,  however,  many  practi- 
cal difficulties  in  the  way  of  constructing  such  a  pipe  of  large  diameter 
and  great  thickness  of  shell.  One  of  the  principal  difficulties  is  to 
hold  the  lengths  of  pipe  together  till  the  connection  can  be  made. 
Another  is  the  handling  and  placing  of  such  heavy  pieces  of  pipe  with- 
out injuring  them;  a  third  difficulty  is  that  of  making  a  water-tight 
joint  without  creating  a  rough  or  uneven  surface  in  the  waterway. 

To  put  all  these  matters  to  a  practical  test  another  pipe  was  con- 
structed during  the  months  of  May  and  June,  1904.  This  pipe,  which 
is  called  No.  8,  was  built  in  four  pieces,  each  5  feet  in  diameter  inside, 
with  a  shell  6  inches  thick,  and  with  steel  armor,  as  in  the  other  pipes, 
in  the  center  of  the  shell,  and  each  piece  was  5  feet  long. 
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PIPE  NO.  8. 
COMPOSITION. 

The  composition  of  the  sections  of  pipe  No.  8  is  as  follows: 
Section  1  was  composed  of  Gillingham  cement,  4  cubic  feet;  marble 
dust,  1  cubic  foot;  fine  sand,  3  cubic  feet;  gravel,  20  cubic  feet;  on 

1  part  cement,  1  part  sand,  and  5  parts  gravel.  The  cement  and 
marble  dust  were  mixed  through  a  fine  sci'een,  then  mixed  with  the 
gravel  and  sand  and  turned  six  times  dry,  then  turned  four  times 
wet.  The  concrete  was  so  made  that  water  came  to  surface  after 
long  tamping. 

Section  2  was  composed  of  Gillingham  cement,  4  cubic  feet;  marble 
dust,  1  cubic  foot;  sand,  3  cubic  feet;  gravel,  20  cubic  feet;  lime 
putty,  3  gallons.  The  cement  and  marble  dust  were  mixed  as  in  sec- 
tion 1.  Lime  putty,  passed  through  fine  screens  and  dissolved  in  l:i 
gallons  of  water,  was  added  during  wet  mixing.  The  material  was 
mixed  the  same  number  of  times  as  that  for  section  1,  but  it  was 
made  wetter. 

Section  3  had  the  same  composition  as  section  2,  except  that  to  lime 
putty  was  added  an  equal  amount  of  Richards  putty. 

Section  4  was  composed  of  Ideal  cement,  4  cubic  feet;  marble  dust, 

2  cubic  feet;  sand,  4  cubic  feet;  gravel,  20  cubic  feet — well  screened 
and  mixed.  The  material  was  dry  mixed  four  times,  wet  mixed  three 
times;  12  gallons  of  lime  putty  diluted  in  24  gallons  of  water  were 
added  for  wet  mix. 

All  of  these  joints  were  made  by  continuous  tamping,  and  every  pos- 
sible care  was  exercised  to  produce  a  good  piece  of  work.  They  were 
all  well  seasoned  by  constant  wetting  and  protected  from  the  rays  of  the 
sun.  The  sections  were  made  with  a  projecting  bead  at  one  end  and  a 
corresponding  groove  at  the  other  end,  so  that  the  bead  on  one  section 
would  fit  into  the  groove  on  the  next  section.  In  addition  to  this 
arrangement,  a  semicircular  trench  about  1  inch  in  diameter  was  left  in 
the  bead  at  one  end,  and  another  in  the  groove  at  the  other  end,  so  that 
when  two  sections  are  placed  together  these  two  semicircular  trenche?* 
will  form  one  circular  opening  1  inch  in  diameter  running  clear  around 
eac!h  joint.  When  the  sections  are  pulled  tightl}"  together  this  opening 
can  be  filled  up  with  cement  grout  or  with  any  fluid  material  which 
may  be  decided  upon  as  adding  to  the  impermeability  of  the  joint. 

Fig.  2  shows  the  arrangement  of  sections  before  joints  are  closed- 
These  sections  were  made  with  the  intention  of  having  six  longitudinal 
steel  rods  run  through  them,  to  be  fastened  with  sleeve  nuts  joining 
the  ends  of  these  rods  in  adjacent  sections,  large  niches  being  left  on 
the  inside  of  the  pipe  at  each  joint  where  the  sleeve  nuts  could  be 
tightened.  This  arrangement  would  not  work  satisfactorily  and  was 
abandoned  for  a  much  simpler  one.     Through  each  section  of  pipe  is 
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■III  lengthwise  six  piei-eH  of  thrce-fourths-int-h  gas  pipe,  which  serve 
»  guides  for  the  rings  of  Mtecl,  to  which  they  may  I*  fant^'ned  with 
opper  wire.  The  seetionw  heing  all  made  on  one  fonn,  these  pipes 
nil  be  kept  so  elosely  to  their  proper  position  that  there  is  no  diffi- 
iilty  in  running  a  pieec  of  one-half-inch  wire  cable  through  them  when 
ho  sections  are  pla(;e<l  in  position  for  jointing. 

llie  sections  are  laid  as  closely  together  as  may  be  necessary  to 
illow  the  mortar  for  the  joint  to  bt^  put  in  place  Iwtween  them,  and  are 
hen  drawn  together  by  fastening  cables  through  a  wooden  frame  at 


maii^ertifAfs/l/rig 


riM  of  pi|ir  -hoivinn  nitthods  of  couii 


)ne  end  of  the  sections  to  be  joined,  and  tightening  up  tit  the  other  end 
Ijy  a  jackscrew  working  between  two  wooden  frames,  one  of  which 
rests  against  the  last  section,  the  other  having  the  ends  of  the  cables 
Fastened  to  it  with  clamps,  which  <»n  be  readily  removed  when  the 
joints  are  well  dosed.  In  the  case  of  pipe  No.  8.  four  sections  were 
tightened  up  at  the  same  time,  and  there  was  no  difficulty  in  bringing 
the  sections  together  with  this  length  of  pipe  {20  feet).  Hy  this  method 
it  would  !jc  necessary  to  have  at  the  end  of  each  20  feet,  or  whatever 
length  proved  practicable  for  tightening,  a  special  acrew-end  rod  con- 
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nection  for  the  cables,  about  2  feet  long,  8o  that  the  I'able  for  th*»  iw\: 
length  of  pipe  might  be  easily  conneoted  with  that  already  tighteiw^L 
It  is  most  important  that  the  ends  of  the  sections  should  F)e  luai- 
square  with  the  longitudinal  axis  of  the  pipe. 

Pipe  No.  8,  Teht  1. 


On  July  28,  1904,  this  pipe,  composed  of  four  sections,  wa<  lili»'. 
with  water  at  11.30  a.  m.  During  the  tilling  section  3  showed  a  111  tit 
sweating  near  the  bottom,  caused  probably  by  a  small  crack  nia*!. 
while  this  section  was  being  rolled  to  its  proper  place,  and  all  the  joint- 
showed  a  little  moisture  through  the  openings  that  run  round  tfit 
joints  and  that  were  recently  filled  with  grout.  This  grout  was  c*jni 
posed  of  1  part  cement,  one-fourth  part  marble  dust,  and  1  part  ssinJ. 
The  joints  and  niches  inside  were  all  tilled  with  Richai"ds  nidrtar. 
When  the  air  pipe  was  closed  the  pressure  rose  to  15  pounds.  Sntion 
1  showed  a  slight  sweat  in  a  short  time,  but  no  pinholes,  and  it  na- 
full}'  half  an  hour  before  it  became  moist  over  most  of  it«  surface.  Ir; 
one  hour  it  was  sweating  all  over. 

Section  2  gave  about  the  same  results  as  section  1  until  the  prcNMire 
had  been  on  for  ten  minutes,  when  it  cracked  in  three  places  at  tl^i 
south  end  for  a  distance  of  about  1  foot,  and  the  water  leaked  out  -•• 
fast  that  the  i)ressure  would  not  go  above  20  pounds.  In  one  hourth^- 
whole  surface  was  sweaty.  Section  3  showed  sweat  developing  MH»n 
after  the  pressure  was  turned  on,  and  in  tifteen  minutes  had  a  genenil 
sweat  that  at  19  pounds  increased  to  a  strong  drip. 

Section  4  showed  absolutely  no  leakage  or  sweat  for  half  an  hour 
after  being  tilled,  then  a  slight  sweat  started  on  the  top,  and  in  one 
hour  this  sweat  had  spread  over  about  one-fourth  of  its  surface.  Thi^ 
section  was  made  with  Ideal  cement. 

All  the  joints  sweated  a  little  through  the  jK>ckets  where  the  gmut- 
ing  was  yet  fresh  and  slightly  checked,  but  at  no  part  of  the  joints  did 
the  leakage  amount  to  a  flow. 

At  2  p.  m.  there  was  not  much  change  except  that  sections  1,  2.  and 
3  were  entirely  covered  with  laittmce  under  a  uniform  pressure  of  l^ 
pounds.  Section  4  showed  a  slight  increase  of  sweat  but  no  laitann' 
except  close  to  the  joints,  where  there  was  a  strong  sweat  throuj^b 
the  pockets. 

At  4  p.  m.  conditions  were  not  materially'  changed. 

At  5  p.  m.  the  pressure  was  reduced  to  8  pounds,  and  the  pij>e  wa- 
left  under  that  pressure  all  night. 

On  July  29,  at  8  a.  m.,  the  gage  registered  10  pounds,  and  as  soon  a> 
full  pressure  was  turned  on  it  rose  to  20  pounds  and  remained  at  that 
for  several  hours,  when  it  dropped  to  18  pounds.  There  was  w 
change  in  sections  1,  2,  and  3,  while  section  4  showed  a  slight  swcai 
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over  three-fourths  of  its  surface  and  no  laitanre  except  at  the  joints. 
Sections  1  and  2  showed  considerably  more  laitanco  than  section  3. 

City  pressure  was  kept  on  full,  and  at  5  p.  ni.  no  material  change 
^^as  apparent  in  the  pipes,  except  that  section  3  did  not  seem  to  drip 
as  much  as  at  first.  Section  4  still  had  one  large  dry  space  on  each  side. 
The  pressure  varied  all  day  from  17  to  19  pounds.  At  5  p.  m.  the 
pressure  was  closed  down  for  the  night  to  10  pounds.  On  July  30,  at 
s  a.  m.,  the  gage  registered  12  pounds.  When  pressure  was  turned  on 
full  it  rose  to  18  pounds.  Section  3  appeared  to  be  closing  up  and 
section  4  had  not  materiall}"  changed.  By  damming  up  the  flow  from 
the  pipe  and  segregating  the  leakage  from  section  2,  which  was  badly 
cnicked,  it  was  found  that  the  other  three  sections  leaked  nearly  2 
f^allons  per  minute. 

The  water  was  then  turned  off  and  the  pipe  examined,  and  it  was 
found  that  the  ci'acks  in  section  2  extended  clear  through.  They  are 
supposed  to  have  been  caused  by  the  sling  which  was  used  when  turn- 
ing the  pipes  over  on  their  sides  with  the  derrick. 

Section  3  showed  two  checks  inside  on  top,  but  they  did  not  go  clear 
through. 

Sections  1  and  4  showed  no  cracks  on  the  inside,  while  section  1  had 
jrcvenil  checks  on  the  outside. 

Section  4  had  no  checks  either  inside  or  outside.  The  Richards 
plaster  in  the  inside  joints  was  found  to  be  good  and  firm  and  showed 
no  disintegration.  Before  this  pipe  was  broken  up  a  jackscrew  was 
placed  under  one  end  and  the  pipe  was  raised  until  it  hung  suspended 
at  both  ends.  The  joints  were  then  examined  and  found  to  be  in  good 
condition.  The  pipe  remained  in  this  position  for  ten  minutes,  when  the 
central  joint  opened  one-sixteenth  of  an  inch  at  the  bottom  but  remained 
tight  at  the  top.  The  cables  had  evidently  stretched  sufficiently  to 
allow  this  action.  The  pipe  was  broken  up  about  September  27,  and 
it  was  found  that  the  cracks  on  the  outside  on  section  1,  near  the  end 
where  the  leakage  was  so  great,  were  caused  by  the  omission  of  the 
last  steel  ring  during  construction,  leaving  a  space  of  nearly  1  foot  in 
length  at  that  end  without  any  strength  except  that  of  the  concrete, 
which  naturallv  could  not  stand  the  strain. 

ft* 

When  the  jointa  were  broken  it  was  found  that  there  was  not  as 
good  a  bond  between  the  grout  and  the  pipes  as  there  should  have 
])ecn.  The  core  would  sometimes  adhere  to  one  section  of  the  cavitv 
and  make  a  clean  break  along  the  line  of  the  other  joint  so  as  to  show 
the  shape  of  the  mold.  The  plaster  in  the  joints  should  be  allowed  to 
harden  for  at  least  two  da\\s  before  the  grout  is  forced  into  the  cavity; 
the  grout  may  be  made  very  wet.  The  hole  should  first  be  tilled  with 
water  in  which  a  little  cement  is  mixed  and  allowed  to  stand  filled  for 
an  hour,  and  then  blown  out  and  filled  with  grout. 
iRR  143—05 i 


50 


EXPERIMENTS   ON    STEELrC  ON  CRETE    PIPES. 


[so.  143. 


While  this  cxpcriiiicnt  was  not  at  all  satisfactory  on  account  of  the 
accident  in  handling  section  2,  it  shows  that,  with  care  and  attentioa  t<> 
details,  this  method  of  constructing  pipes  might  be  adopted  in  case  no 
better  one  is  found. 

SMALL  PIPES. 

Some  further  experiments  were  made  for  the  purpose  of  ascertain- 
ing the  best  mixtures  for  impermeable  concrete,  and  for  this  purp<»>t 
several  small  pipes  were  made  with  various  mixtures  and  carefullv 
tested. 

These  smaller  pipes  were  all  made  in  the  sjime  mold,  each  lj<Mnjf  ** 

T 


Fig.  3.— Elevation  of  end  of  small  pipes,  with  cover,  used  for  determining  permeability  of  difTtnn: 

mixture  of  concrete. 

inches  in  inside  diameter,  6  inches  in  thickness  of  shell,  and  18  inches 
long.  The  ends  were  made  perfectl}^  square  to  the  axis  and  as  smo<)th 
and  true  as  possible.  To  the  ends  of  these  pipes  were  fitted  small 
cast-iron  disks,  1  inch  thick,  resting  upon  rubber-tire  washers,  vul- 
canized at  the  junction  of  the  ends.  The  plates  were  drawn  tightly 
on  the  washers  bv  one  central-  rod  with  a  screw  end  to  which  a  nut 
was  fitted,  substantially  as  shown  in  figs.  3  and  4. 

The  upper  plate  had  connections  for  pipe  from  water  tap,  for  air. 
and  for  gage  as  in  the  larger  pipes. 


Three  of  tliesc  pipes  were  made  of  enuh  mixture,  and  nine  different 
I  ixtures  were  tested.  The  three  pipes  for  each  mixture  were  marked 
-A,"  "B,"  and  "C,"  respectively. 


I  nl  HmalL  pipes  u!>hI  (" 


enbillty  of  <11ff<:ren( 


Mixture  No.  1  coriaiated  of  sand  2  parts  (screened  through  14-nieHh 
screen),  gravel  3  parts  (niixod  sizea),  ccQient  (Ideal)  1  part,  and  marble 
dust  1  part— all  measured  loose. 
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Pipe  A,  Mixture  No.  1. 

This  pipe  was  made  August  17,  and  brushed  inside  and  out  with  a 
cement  wash.  It  was  kept  well  wet  for  several  Jays  until  thoroujrhly 
seasoned.  On  October  19  water  was  turned  on,  the  pre.ssure  vaniLjr 
from  40  to  5()  pounds  for  six  hours.  During  this  time  the  pilie  showed 
no  sweat  or  leak,  but  in  one  of  the  sudden  jumps  of  the  pressure  fn>ni 
40  to  60  pounds  the  pipe  burst  and  stopped  the  test.  Owing  to  tht 
fluctuatioir  of  the  pressure  in  the  water  pipes  this  was  not  a  ver\'  ?«ti> 
factory  test,  but  showed  incidentallj^  that  the  tensile  strength  of  thi'» 
mixture  was  at  least  40  pounds  per  square  inch. 

Pipe  B,  Mixture  No.  I. 

This  pipe  was  made  on  August  17.  It  was  not  washed  with  cement 
inside  or  out«ide,  but  was  kept  moist  for  three  weeks  and  remained  in 
the  shade  till  October  20,  when  it  was  tested. 

At  8.30  a.  m.  water  was  turned  on  and  pressure  allowed  to  rise  to  4" 
pounds,  and  maintained  as  near  that  point  as  possible.  In  one  hour  a 
slight  sweat  showed  near  the  bottom,  and  in  four  hour«  this  sweat  had 
spread  over  most  of  the  surface.  The  pressure  was  then  allowed  U* 
rise  to  55  pounds,  and  a  geneml  sweat  spread  over  the  entire  surfa^'. 
This  pressure  was  maintained  for  two  hours  more,  and  then  the  pi]H^ 
burst  during  a  sudden  fluctuation  of  pressure  from  45  to  &2  pounds 

It  was  now  decided  to  use  two  steel  bands  for  clamping  around  tht^ 
pipes  during  the  tests,  to  prevent  the  bursting  of  the  pipe  uoder 
water  hammer. 

Pipe  C,  Mixture  No.  1. 

This  pipe  was  made  August  18,  and  kept  in  the  shade  and  well 
moistened  until  October  20,  when  it  was  tested.  It  was  not  washed 
with  cement.  At  3  p.  m.  water  was  turned  on  and  the  pressure  re^i 
lated  to  80  pounds.  There  was  a  flaw  in  the  inside  of  this  pipe  cau>pd 
by  the  material  sticking  to  the  core  when  the  latter  was  being  drawn 
out.  The  water  seemed  to  enter  this  flaw,  and  caused  a  sweat  at  thai 
place,  and  in  two  hours  this  sweat  had  spread  over  most  of  the  surfac 
of  the  pipe.  At  5  p.  m.  the  pressure  was  turned  off  and  the  pipe  left 
filled  with  water  for  the  night. 

On  October  '21  the  pressure  was  kept  at  35  pounds  from  8  till  !<' 
a.  m.  The  pressure  was  raised  to  45  pounds,  fluctuating  between  4-1 
and  55  pounds  for  two  hours,  during  which  time  the  pipe  leaked  7* 
gallons  of  water.  The  outside  bands  were  now  put  on  the  pipe  and 
the  full  city  pressure  turned  on.  The  gage  fluctuated  between  43  and 
62  pounds  for  the  remainder  of  the  day  and  until  next  daj  at  not^n. 
but  there  was  no  apparent  increase  in  the  amount  of  leakage.  Thi^ 
pipe  was  not  in  good  condition,  but  was  tested  for  the  sake  of  trying 
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the  effect  of  the  steel  bands  on  the  outside  in  preventing  bursting  under 
fluctuating  heads.  In  this  case  they  seemed  to  answer  the  purpose, 
but  in  many  of  the  succeeding  tests  the}'  did  not  prevent  the  pipes  from 
bursting  under  much  lower  heads. 

As  the  object  of  the  experiments  was  to  ascertain  at  what  pressure 
sweating  commenced,  and  as  this  point  was  in  nearly  all  cases  less  than 
40  pounds,  the  breaking  of  the  pipe  at  a  higher  pressure  than  this  was 
not  of  so  much  consequence. 

The  composition  of  the  various  mixtures  and  the  pressure  at  which 
the  sweating  first  became  visible  are  shown  below. 

RESULTS  OF  TESTS  OF  SMALL   PIPES. 

It  is  not  claimed  that  these  pipes  would  not  have  sweated  and  leaked 
under  lower  pressures  maintained  for  a  long  time;  but  in  nearly  every 
instance  the  sweating  showed  at  the  recorded  pressure  inside  of  one 
hour  from  the  time  the  water  was  turned  on. 

Mixture  No.  1, — Sand  2  parte,  gravel  3  parte,  cement  1  part,  marble  dust  1  part. 

Pipe  A,  no  sweat  under  66  pounds  (washed  inside  and  out  with  cement  wash). 

Pipe  B,  sweat  at  40  pounds  (not  washed  with  cement). 

Pipe  C,  sweat  at  30  pounds  (not  washed  and  had  flaw  inside). 

AfLrture  No.  2. — Sand  3  parts,  gravel  4  parts,  cement  S  part,  marble  dust  1 J  parts. 

Pipe  A,  sweat  at  60  pounds  (washed  inside  and  out  with  cement  wash). 

Pipe  B,  sweat  at  45  pounds  (not  washed  with  cement). 

Pipe  C,  sweat  at  30  pounds  (washed  on  inside  with  cement). 

Mixture  No.  S. — Sand  3  parts,  gravel  4  parts,  cement  J  part,  marble  dust  \\  parts, 
lime  putty  J  part. 

Pipe  A,  sweat  at  35  pounds  (washed  inside  and  outside  with  cement). 

Pipe  B,  sweat  at  liO  pounds  (not  wa8he<i). 

Pipe  C,  sweat  at  30  pounds  (washed  inside  with  cement). 

Mixture,  No.  4. — Sand  3  parts,  gravel  4  parts,  cement  1 J  parts,  hyd rated  lime  J  part. 

Pipe  A,  sweat  at  30  pounds  (washed  inside  and  out  with  cement). 

Pipe  B,  sweat  at  35  pounds  (not  washed). 

Pipe  C,  sweat  at  35  pounds  (washed  inside  with  neat  cement). 

Mixture  No.  5. — Sand  3  parts,  gravel  4  parts,  cement  1  part,  marble  dust  2  parts, 
lime  putty  \  part. 

Pipe  A  sweat  at  50  pounds  (washed  inside  and  out  with  neat  cement) . 

Pipe  B  sweat  at  35  pounds  (no  wash). 

Pipe  C  sweat  at  40  pounds  (washed  inside  with  neat  cement). 

Mixture  No.  6. — Sand  2  parts,  gravel  5  part.«,  cement  1  i>art,  marble  dust  1  part, 
Richards  mixture  1  part. 

Pipe  A  sweat  at  40  pounds  (not  washed). 

Pipe  B  sweat  at  40  pounds  (not  washed). 

Pipe  C  broke  at  40  pounds.     Without  sweat  for  45  minutes.     (Not  washed. ) 

Mixture  No.  7. — Sand  2  parts,  gravel  5  parts,  cement  1  part,  marble  dust  1  part, 
lime  putty  }  part  (with  Richards  mixture). 

Pipe  A  sweat  at  35  pounds  (no  wash). 

Pipe  B  sweat  at  3S  pounds  (no  wash). 

Pipe  C  sweat  at  40  pounds  (no  wash). 

Mixture  No.  <9. — Sand  2  parts,  gravel  5  parts,  cement  2  parts,  hydrated  lime  i  part, 
marble  dust )  part. 
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Pipe  A  sweat  at  35  poundn  (no  wash). 

Pipe  B  sweat  at  23  pounds  (no  wash). 

Pipe  C  Hweat  at  Zii  pounds  (no  wash). 

MLcture  Xo.  9. — Sand  2  {tartSf  gravel  5  parti?,  («meut  1}  parts,  hydrated  lime  4  (ar. 
marble  <lust  1  part. 

Viyte  A  sweat  at  40  pounds  (no  wash).  This  pipe  stood  65  poiiml^  with*>i: 
breaking. 

Pipe  B  sweat  at  41  pounds  (no  wash).  This  pipe  stood  57  pounds'  preaeiire  witr. 
out  breaking. 

Pipe  C  discarded  on  account  of  flaw. 

It  is  evident  from  these  experiments  that  the  impermeability  of  tfa^ 
concrete  itself  in  a  steel-concrete  pipe  must  not  he  depended  on  ta^ 
much,  hut  it  is  better  to  cover  the  inside  surface  of  the  pipe  with  a 
thick  coat,  or  probabl}'  better  still  with  several  thin  coats  of  impeni- 
OU8  mortar.  This  mortar  must  be  soft  and  plastic  when  first  placeil 
on  the  pipe.  The  Richards  plaster  seems  to  be  the  nearest  approach 
to  this  ideal  plaster  that  has  been  found  in  these  experiments. 

The  experiments  on  the  small  pipes  were  not  carried  out  bv  tiw* 
writer,  who,  on  account  of  other  duties^  was  unable  to  direct  them. 
The  assistant  in  charge  of  the  experiments  was  a  very  careful,  pains- 
taking, and  practical  man  of  long  experience  in  concrete  work,  and 
the  experiments  are  given  for  what  they  are  worth. 

This  entire  subject  is  a  most  complex  one,  and  it  is  realized  that  th^ 
results  of  these  experiments  are  somewhat  disappointing.  It  is  hoped, 
however,  that  what  little  has  been  done  may  serve  as  a  beginning  for 
further  experiments. 

CONCIiUSIONS. 

The  following  precautions  in  making  concrete  pipes  to  withstand 
water  pressure  are  suggested: 

1.  Do  not  allow  the  sun's  ravs  to  touch  the  concrete  when  it  is  heintr 
mixed  and  placed  in  the  form.     If  necessary  build  a  shed  over  the  work. 

2.  If  the  steel-concrete  pipe  can  not  be  made  continuously  bv 
machine,  do  as  nuich  of  the  hand  tamping  as  possible  in  radial  direc- 
tions. When  the  tamping  must  be  done  at  right  angles  to  the  radius 
of  the  pipe,  either  in  longitudinal  or  circumferential  directions,  avoid 
as  far  as  possible  the  formation  of  seams  or  cleavage  planes  from 
delays  in  placing  the  forms  and  adding  fresh  material.  By  making 
the  concrete  very  wet,  delays  will  not  be  so  dangerous  as  in  the  i-a-^^ 
of  drv  concrete. 

3.  Be  careful  in  tamping  not  to  spring  the  longitudinal  rods,  and 
use  as  few  of  these  as  will  suffice  to  hold  the  circumferential  rods  in 
place,  except  in  case  of  vertical  curves  in  the  pipe,  when  additiomil 
rods  or  steel  cables  must  be  used  on  the  longer  side  of  the  cun^ed  part 

of  the  pipe. 

4.  Do  not  depend  upon  the  tensile  strength  of  the  concrete,  but 


QuiNToK.]  CONCLUSIONS.  55 

make  the  steel  rods  of  such  size  and  distance  apart  as  will  insure  no 
oreater  stretch  of  the  steel  than  0.04  inch  in  any  rod  from  the  maxi- 
iimni  pressure  to  which  the  pipe  is  to  be  subjected. 

5.  Make  the  inside  diameter  of  the  pipe  1^  inches  larger  than 
required,  to  allow  space  for  putting  two  coats  of  plaster  on  the  inside. 

0.  As  soon  as  the  pipe  is  completed  give  the  inside  one  coat  of  plas- 
ter one-half  inch  thick,  composed  of  1  part  cement  to  1^  parts  of  sand, 
imd  a  small  quantity  of  lime  paste,  thoroughly  cooled,  to  retard  setting. 
Keep  pipe  well  wet  ahead  of  the  plastering.  When  this  coat,  which 
may  be  left  rough,  is  dry,  put  on  another  coat  about  one-fourth  inch 
thick  of  plaster  composed  of  1  part  of  sand  to  1  part  of  cement.  This 
coat  should  be  troweled  to  a  smooth  surface,  and  when  it  is  dry  the 
entire  inside  surface  of  the  pipe  should  be  covered  with  a  thick  wash 
of  tine  cement  and  water. 

7.  Provide  for  drainage  of  water  which  may  leak  when  the  pipe  is 
first  filled,  so  that  suflicient  water  ma3"  not  remain  in  the  trench  to 
soften  the  ground  under  the  pipe. 

8.  Bury  the  pipe  under  the  ground  so  that  there  will  be  in  no  place 
less  than  2  feet  between  the  top  of  the  pipe  and  the  natural  surface  of 
the  ground. 

9.  In  very  cold  climates  provide  means  for  draining  the  pipe,  so 
that  it  can  be  emptied  at  the  end  of  each  irrigating  season. 

10.  The  soap  and  alum  mixture  may  be  used  to  advantage  in  making 
the  concrete,  but  reliance  for  impermeability  must  }je  placed  on  the 
plastering  rather  tlmn  on  the  material  of  the  pipe. 

11.  Do  not  use  steel -concrete  pipes  for  heads  over  70  feet,  except 
for  short  distances,  where  a  100-foot  head  might  be  used  by  taking 
special  precautions. 

It  may  be  asked  why,  in  view  of  the  fact  that  a  head  of  70  feet  is 
likely  to  crack  a  5-foot  steel-concrete  pipe,  it  is  recommended  to  build 
pipes  of  such  diameter,  for  use  under  such  a  head.  It  ma}"  be  answered 
that  a  steel-concret(^  pipe  with  a  crack  and  a  small,  gradually  decreas- 
ing leakage  may  be,  and  probably  is,  much  more  durable  than  a  pipe 
made  of  steel,  or  of  wood  with  steel  bands  or  rods,  and  the  leakage, 
under  ordinary  circumstances,  may  not  be  as  much  as  is  now  found  in 
many  lines  of  cast-iron  pipes  in  our  large  cities. 

Under  ordinary  conditions,  in  all  of  the  reclamation  projects  where 
pressure  pipes  may  be  used,  the  pipes  will  probably  be  under  uniform 
pressure  for  all  of  the  irrigating  season.  It  is  highly  probable  that 
cracks  formed  in  these  pipes  when  under  pressure  will  be  filled  up 
with  sediment  and  lime  deposits  during  the  irrigating  season,  which 
generally  lasts  several  months.  If  serious  leaks  occur  during  this 
season,  the  blow-off  and  drain  pipes  can  be  used  to  turn  the  water  out 
of  the  pipe,  so  that  it  can  be  repaired  inside,  and  during  the  winter 


56  EXPERIMENTS   ON   STEEL-CONCRETE   PIPES.  [xu   14: 

time,  when  the  pipe  is  empty,  an  excellent  opportunity  is  afforded  u 
examine  and  make  repairs  in  the  inside  of  the  pipe. 

A  5-foot  pipe  under  80  pounds  pressure,  or  approximately  7«>  ff^r 
bead,  if  made  with  1-inch  rods,  instead  of  thre«-fourths-inch  rodi*,  wit'r 
3f-inch  center  distances,  would  cost  about  $2.50  a  foot  extra,  and  tL 
onl}'  gain  would  be  that  the  stretch  of  the  steel  would  l)e  0.0:^3  imh. 
instead  of  0.040  inch  for  the  three-fouilhs-inch  rods.  Theoretically, 
when  steel-armored  concrete  pipe  is  subjected  to  internal  pressure, 
the  materials  of  which  it  is  composed  must  yield  or  stretch  within 
certain  limits.  As  the  stretch  of  concrete  is  so  small  that  it  ha- 
never  been  measured,  we  must  rely  upon  the  steel  to  take  up  tiw^ 
stresses  caused  by  the  internal  pressure  in  the  pipe.  If  a  steel-con- 
crete pipe  is  designed  to  bear  with  safety  30  pounds  per  square  inch 
internal  pressure,  and  the  steel  in  the  pipe  is  calculated  to  take  up  al'. 
the  stress  due  to  this  pressure,  with  a  factor  of  safety  of  4  for  steel  o: 
an  ultimate  strength  of  60,(X)0  pounds,  and  if  the  pipe  is  5  feet  dianiett^r 
inside,  and  the  steel  rods  three-fourths-inch  diameter,  these  rods  would 
have  to  be  spaced  7.33  inches  from  center  to  center. 

Let  us  determine  what  the  stretch  in  this  steel  would  be  in  one  nxi 
under  these  conditions. 

The  stretch  in  inches=total  stress  in  pounds  on  7.33  inches  in  lenjrth 

of  pipe  X  original  length  in  inchas -^  modulus  of  elasticity  in  pound-- 

per  square  inch  X  area  in  square  inches;  therefore  stretch = 
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7.33X30X30X  .T^-^WT7^^^A  44=0.09  inch  nearly. 

35,000,000X0.44 

It  is  probable  that  this  amount  of  stretch  in  the  steel  would  cause 
one  or  more  cracks  along  the  full  length  of  the  pipe.  If,  however, 
the  amount  of  steel  is  doubled,  the  stretch  would  be  reduced  bv  one- 
half,  l)ut  this  makes  the  pipe  more  expensive. 

There  would  still  be  a  stretch  of  0.04  inch,  and  the  consequences  o/ 
this  stretch  might  bs  guarded  against  by  plastering  with  some  material 
which  would  be  more  plastic  than  ordinary  concrete,  or  by  another 
method  mentioned  hereafter. 

If  this  steel  were  distributed  over  the  full  length  of  the  pipe  in  the 

0  44 
shape  of  a  sheet-steel  riveted  pipe,  it  would  give  thickness  of  o".,^=0.1ti 

inch  for  the  steel,  and  this  pipe,  if  double  riveted,  would  have  a  fai'tor 
of  safetv  of  5.().  This  thickness  is  really  more  than  is  necessary  for 
safety,  but  not  more  than  is  necessary  for  rigidity  of  form  in  a  steel  pipe 
of  5  feet  diameter  if  used  alone,  nor  for  a  steel-concrete  pipe  under 
the  assumed  pressure  if  the  stretch  is  taken  into  account. 

There  am  be  no  question  that  a  steel  pipe  inside  a  concrete  pipe 
would  be  tight,  l)ut  it  would  be  useless  to  put  a  lining  of  concrete  inside 
the  steel,  as  the  concrete  would  certainly  leak  some,  and  the  steel  would 
be  little  better  protected  on  the  inside  from  the  action  of  the  water 


QtixTON.]  CONCLUSIONS.  57 

than  if  there  were  no  concrete  inside.  It  would,  however,  be  protected 
from  scouring,  and  a  ring  of  concrete  outside  the  steel  would  protect 
the  outside  of  the  steel  from  the  action  of  injurious  salts,  acids,  etc. 
A  better  pipe,  however,  would  be  a  wooden  pipe  with  steel  bands, 
which  can  be  made  perfectly  continuous,  smooth,  and  true  inside,  with 
&  ring  of  concrete  placed  around  it  after  the  wood  is  thoroughly  sat- 
urated and  the  leaks  all  closed  up.  This  would  be  an  expensive  pipe, 
but  it  is  believed  that  it  would  be  as  nearly  an  ideal  pipe  for  a  warm 
climate  as  could  be  made.  With  a  factor  of  safety  of  4  for  the  steel 
x'ods,  the  amount  of  steel  would  be  reduced  to  half  of  that  in  the  con- 
crete pipe,  and  in  the  case  of  30  pounds  pressure  this  would  amount 
to  a  three-fourths-inch  rod  17  feet  long  for  each  7.33  inches  in  length 

17x  1  5x  12 
of  the  pipe,  or =  'oq =41  pounds  of  steel  per  linear  foot  of  pipe. 

Concrete  in  a  ring  3  inches  thick  around  wood  pipe  would  amount 

18 
to  -J  =4i  cubic  feet  per  linear  foot,  so  that  the  amount  of  money  saved 

on  the  steel  by  using  a  wooden  pipe  would  probably  pay  for  the  con- 
crete used  in  covering  it. 

For  a  comparison  of  cost,  then,  we  could  have  a  wooden  pipe  with 
bands  spaced  for  a  factor  of  safety  of  4,  and  3  inches  of  concrete 
outside,  as  against  a  steel-concrete  pipe  with  twice  the  number  of  bands 
and  6  inches  of  concrete.  With  steel  at  4  cents  per  pound  in  place, 
concrete  at  40  cents  per  cubic  foot  in  pla(je,  and  lumber  at  7  c«nts  per 
foot  B.  M.  in  place,  the  cost  of  these  pipes  would  be  about  the  same, 
and  there  is  little  doubt  that  the  wooden  pipe  with  a  concrete  envelope 
would  be  the  better  and  more  lasting  pipe. 

Another  method  for  getting  rid  of  the  injurious  effect  of  the  stretch 
in  the  steel  in  a  steel -concrete  pipe  (with  a  factor  of  safety  of  4  for 
the  steel  rods)  would  be  to  make  two  well-defined  joints  in  the  con- 
crete in  a  horizontal  plane  through  the  center  and  running  the  full 
length  of  the  pipe. 

A  continuous  sheet-steel  dowel  could  project  2  or  3  inches  into  the 
concrete  in  each  half  of  the  pipe,  and  when  the  pressure  came  on  the 
inside  the  stretch  would  probably  take  place  at  these  joints  and  thus 
prevent  all  other  longitudinal  cracks  from  forming. 

This  dowel,  which  might  be  one-eighth  by  6  inches,  could  be  made  in 
long  lengths,  overlapping  a  little  at  the  ends  and  fastened  by  .wire  to 
the  rods  to  keep  it  in  its  proper  place.  The  concrete  in  the  lower  half 
of  the  pipe  would  end  in  a  smooth,  horizontal  plane  at  the  center  line  of 
this  dowel  on  each  side,  and  this  plane  might  be  allowed  to  harden  for 
twenty-four  hours,  so  that  when  the  upper  half  of  the  pipe  was  made 
there  would  be  a  well-defined  crack  on  each  side.  Of  course  this 
would  increase  the  area  subject  to  inside  pressure  b}^  a  small  amount 
on  each  side,  but  this  would  be  true  of  any  other  longitudinal  crack. 
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It  seems  probable  that  this  would  prevent  any  other  cracks  forming, 
but  it  would  be  necessary  to  try  this  experiment  before  building"  anj 
large  amount  of  pipe  on  this  assumption. 

The  durability  of  steel  rods  of  large  diameter,  such  aj^  were  used  in 
these  experiments,  is  yet  undetermined,  as  the  time  between  placin<r 
these  rods  in  the  concrete  and  the  breaking  up  of  the  pipes  was  t<io 
short  to  afford  reliable  data  for  conclusions  on  this  subject. 

When  the  pipes  were  broken  up  none  of  the  rods  exhibited  anv 
appearance  of  rust,  except  one,  which  showed,  at  a  point  where  then* 
was  a  large  and  long-continued  leak  in  the  pipe,  a  small  rusty  place, 
about  li  inches  long,  all  around  the  rod.  The  pipe  in  which  thi'^ 
occurred  was  lined  with  a  mortar  mixed  with  sal  ammoniac  and  iron 
filings,  and  the  presence  of  the  sal  ammoniac  would  naturally  account 
for  the  rust. 

Instead  of  steel  rods  electrically  welded  galvanized  wire  might  l>e 
used  for  armor  in  concrete  pipe.  This  wire  is  now  manufactured  in 
the  United  States,  and  could  be  used  if  the  pipe  were  made  in  joinK 
It  would  not  be  suitable,  however,  if  the  pipe  were  made  continu- 
ously, as  in  these  experiments,  on  account  of  the  difficulty  of  tamping 
and  the  stretch  of  the  steel,  and  the  consequent  cracking  of  the  con- 
crete would  still  occur,  so  that  the  amount  of  wire  needed  in  the  hoop< 
would  probably  make  it  too  expensive  to  be  considered. 

If  many  of  the  results  of  these  experiments  have  been  negative,  it 
may  be  some  consolation  to  remember  that  it  is  sometimes  quite  a.> 
important  to  know  how  not  to  do  a  thing  as  to  know  how  to  do  it. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 

United  States  Geological  Survey, 

Hydrographic  Branch, 
Washington.,  D.  C,  December  20,  190k. 
Sir:  I  transmit  herewith  a  manuscript  entitled  *'The  Normal  Dis- 
tribution of  Chlorine  in  the  Natural  Waters  of  New  York  and  New 
England,'^  by  Daniel  D.  Jackson,  and  request  that  it  be  published  in 
the  series  of  Water-Supply  and  Irrigation  Papers. 

There  is  probably  no  more  important  feature  involved  in  the  estab- 
lishment of  municipal  water  supplies  in  States  bordering  on  or  situated 
close  to  the  seacoast  than  the  determination  of  normal  chlorine.  The 
availability  of  any  water  for  such  purposes  depends  largely  upon  its 
freedom  from  organic  contamination.  Chlorine  is  one  of  the  ingre- 
dients of  dangerous  organic  matter,  and,  as  this  element  is  extremely 
stable,  it  undergoes  none  of  the  chemical  changes  common  to  the  other 
component  parts  of  organic  matter,  and  its  determination  furnishes 
reliable  and  persistent  evidence  concerning  the  pollution  of  any  water. 
A  certain  proportion  of  the  chlorine  in  a  water  has  its  origin  ia 
natural  causes,  and  has  no  relation  to  artificial  pollution;  therefore, 
in  determining  the  character  of  a  water  for  domestic  purposes,  it  is 
necessary  to  consider  this  natural  or  normal  chlorine,  and  whenever 
the  chlorine  present  is  in  excess  of  the  normal  the  evidence  of  past 
pollution  is  complete. 

It  has  been  found,  moreover,  that  (with  the  exception  of  local 
deposits)  the  normal  chlorine  in  natural  waters  is  derived  from  the 
salt  of  the  ocean,  blown  over  the  land  by  storms,  and  that  it  diminishes 
in  amount  as  the  distance  from  the  ocean  increases.  This  decrease  is 
so  definite  that  equal  amounts  of  chlorine  are  found  along  lines  gener- 
ally parallel  to  the  seacoast,  thus  affording  a  basis  for  the  establish- 
ment of  isochlors.  In  Massachusetts  and  Connecticut  these  lines  have 
been  located,  and  for  several  years  the  information  has  proved  to  be 
of  great  value  to  the  water-supply  interests  of  those  States.  The 
accompanying  paper  extends  this  information  to  the  remainder  of  the 
New  England  States  and  to  New  York. 

Very  respectfully,  F.  H.  Newell, 

Chief  Engineer. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 

7 


THE  NORMAL  DISTRIBUTION  OF  CHLORINE  IN  THE  NATURAL 
WATERS  OF  NEW  YORK  AND  NEW  ENGLAND. 


By  Daniel  D.  Jackson. 


INTRODUCTION. 

Chlorine,  a  constituent  of  common  salt,  is  present  in  nearly  all 
natural  waters.  Its  original  sources  are  mineral  salt  deposits  and 
finely  divided  salt  spray  from  the  sea.  This  latter  is  carried  with 
dust  pai-ticles  by  the  wind  and  precipitated  with  the  rain.  All  salt 
found  in  waters  not  coming  from  these  original  sources  comes  from 
domestic  drainage  and  indicates  that  the  water  either  is  at  the  present 
time  polluted  or  was  polluted  and  has  since  been  purified.  By  a  com- 
parison of  the  salt  content  of  any  water  under  examination  with  the 
normal  chlorine  figure  for  that  region  the  extent  of  past  or  present 
pollution  may  be  determined. 

PHYSIOLOGICAL  FUNCTIONS  OF  COMMON  SALT. 

Salt  always  occurs  in  drainage  from  animal  sources,  because  in  all 
animal  economy  a  certain  fairly  definite  amount  of  common  salt  is 
eaten  with  the  food  daily  and  later  expelled  from  the  body  in  practi- 
cally the  same  condition  in  which  it  was  absorbed.  That  it  plays  an 
important  r61e  in  the  blood  is  indicated  by  the  fact  that  on  an  average 
it  constitutes  about  one-half  of  the  total  blood  ash.  It  is  also  found 
that  normal  gastric  juice  can  not  be  formed  without  the  presence  of 
salt,  and  that  in  many  other  secretions  of  the  body  its  presence  is 
probably  a  necessity. 

SALT  AS  AN  INDICATION  OF  POLLUTION. 

The  amount  of  salt  in  a  water  is  a  valuable  indication  of  pollution 
because  of  the  following  facts:  (1)  The  animal  body  expels  the  same 
amount  of  salt  that  it  absorbs;  (2)  this  salt  is  unchangeable  in  the  soil 
and  is  very  soluble  in  water;  (3)  it  must  eventually  form  a  part  of  the 
drainage  and  become  mixed  with  the  general  run-off  of  the  region  in 
which  it  is  expelled.  The  average  amount  of  salt  entering  the  drain- 
age of  any  particular  district  is  so  constant  for  each  inhabitant  that  it 
has  been  claimed  that  the  number  of  people  living  on  a  drainage  area 

may  be  determined  with  a  fair  degree  of  accuracy  from  the  average 
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run-off  and  the  excess  of  chlorine  over  the  normal.  Stearns  "  estimated 
the  chlorine  in  the  run-off  of  any  drainage  area  not  receiving  factory 
waste  to  he  increased  about  one-tenth  of  a  part  per  million  by  every 
20  inhabitants  per  square  mile. 

SALT  IN  THE  WATERS  OP  INLAND  STATES. 

All  salt  in  natural  unpolluted  waters  farther  inland  than  Ohio  comes 
from  mineral  deposits.  The  salt  winds  from  the  sea  have  no  effect 
beyond  this  State,  but  unfortunately  west  of  this  State  a  large  pro- 
portion of  the  natural  waters  are  more  or  less  affected  by  the  salt 
deposits.  The  underground  salt  seems  to  spread  over  a  broad  area 
and  exerts  not  only  a  wide  but  a  variable  influence  over  most  of  the 
waters.  In  these  inland  States,  while  the  '^  normal  chlorine '^  would 
be  practically  zero  the  value  of  the  determination  of  chlorine  is  in 
most  cases  vitiated  by  the  variable  quantity  of  salt  from  mineral 
sources.  Determinations  of  chlorine  in  samples  of  water  taken  above 
and  below  a  city  which  runs  its  drainage  into  the  stream  examined  may 
give  the  extent  of  pollution  due  to  the  city  sewage,  but  the  waters  so 
far  analyzed  in  the  inland  States  give  indications  that  the  question  of 
normal  chlorine  does  not  to  any  great  extent  enter  into  sanitary 
problems. 

SALT  IN  COAST  STATE  WATERS. 

On  the  other  hand,  the  coast  State  waters  are  practically  unaffected 
by  this  mineral  salt,  and,  while  very  extensive  deposits  exist,  espe- 
cially in  the  State  of  New  York,  they  are  in  narrow  pockets  and  exert 
an  influence  over  a  very  limited  area.  Except  in  these  pockets  the 
mineral  salt  has  apparently  been  washed  into  the  sea. 

It  is  found  that  in  the  coast  States  the  salt  in  the  natural  waters 
which  comes  from  original  sources  is  practically  all  brought  in  by  the 
sea  winds,  and  that  a  certain  normal  amount  is  present  in  the  watei^ 
of  each  locality. 

^  The  difference  in  the  normal  amount  in  different  localities  is  due  to 
variations  (1)  in  distance  from  the  seacoast,  (2)  in  the  amount  of  rain- 
fall, (3)  in  the  rate  of  evaporation,  (4)  in  the  amount  of  protection 
from  ocean  winds,  and  (5)  in  the  direction  of  the  prevailing  winds.  In 
spite  of  the  great  variety  of  causes  which  affect  the  normal  chlorine  in 
natural  waters,  the  normal  for  any  particular  region  is  surprisingly 
constant. 

The  chlorine  decreases  as  waters  farther  and  farther  inland  are  tested, 
so  that  by  connecting  with  lines  on  the  map  localities  having  the  same 
normal  we  find  that  these  lines  of  equal  chlorine  (isochlors)  follow  in  a 
general  way  the  coast  lines,  and  as  they  extend  inland  are  still  more  or 

a  Steams,  F.  P.,  Rept.  MaaB.  State  board  of  health,  1890,  pt.  1,  p.  680. 
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less  parallel  to  the  coast.  The  distance  of  these  lines  from  the  coast 
depends  chiefly  upon  the  general  direction  of  the  wind  and  the  pro- 
tecting influencen  of  mountains  on  the  coast  or  of  islands  near  the 
mainland. 

COLLECTION  OP  SAMPLES. 

In  order  to  obtain  the  normal  chlorine  lines  for  any  State  it  is 
necessary  to  first  collect  a  large  number  of  analyses  for  chlorine  in 
waters  taken  at  different  seasons  over  the  entire  area  to  be  covered. 
It  is  evident  that  near  the  seacoast,  where  the  variations  in  chlorine 
within  a  limited  area  are  greatest,  the  largest  number  of  data  must  be 
collected.  A  large  number  of  samples  of  water  taken  from  surface 
and  ground  sources  must  be  obtained.  The  pond  waters  usually  give 
the  best  results,  and  careful  inspection  of  the  drainage  area  of  such 
sources  gives  a  good  idea  of  whether  or  not  the  water  is  subject  to 
pollution.  Samples  for  analysis  should  be  chosen  as  far  from  human 
habitation  as  possible. 

SOLUTIONS  REQUIRED  FOR  CHLORINE  DETERMINATIONS. 

The  following  solutions  are  employed  in  the  analysis  of  water  for 
chlorine: 

Salt  Hohition. — A  solution  of  chemically  pure  fused  salt,  contain- 
ing 1  milligram  of  chlorine  in  each  cubic  centimeter  is  made  by  dis- 
solving 1.648  grams  of  the  fused  sodium  chloride  in  1  liter  of  distilled 
water  free  from  chlorine. 

Silver  nitrate  sohitiaii. — ^Two  and  one-half  grams  of  crystallized 
silver  nitrate  are  dissolved  in  1  liter  of  distilled  water  free  from 
chlorine.  To  this  solution  water  or  strong  silver  nitrate  is  added 
until  by  actual  titration  10  c.  c.  of  it  are  equivalent  to  5  c.  c.  of  the 
standard  salt  solution.  One  cubic  centimeter  of  this  solution  is  then 
equivalent  to  0.5  milligram  of  chlorine. 

Potcuislum  chraniate  aohdion. — An  indicator  solution  is  made  by  dis- 
solving 50  grams  of  potassium  chromate  in  1  liter  of  distilled  water 
and  then  adding  sufficient  silver-nitrate  solution  to  precipitate  all  the 
chlorine  present  and  turn  the  precipitate  slightly  reddish.  This  is 
allowed  to  stand,  and  (by  filtering  or  decanting)  the  clear  solution  is 
then  obtained. 

Emvlsion  of  alumiria. — This  is  made  by  dissolving  125  grams  of 
potassium  or  ammonium  alum  in  1  liter  of  water  and  precipitating  the 
alumina  from  the  boiling  solution  by  ammonia.  After  precipitation 
the  alumina  must  be  washed  free  from  chlorine,  sulphate,  and  ammonia 
by  successive  treatments,  settlings,  and  decantations  with  cold  distilled 
water. 
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METHODS  OF  PROCEDURE  IN  THE  DETERMINATION  OF 

CHLORINE. 

Pour  25  c.  c.  of  the  water  to  be  tested  into  a  white  porcelain  dish. 
Add  about  one^half  a  cubic  centimeter  of  chromate  solution  and  run 
in  standard  silver-  nitrate  solution  from  a  burette  until  the  first  faint 
reddish  tint  appears.  This  is  more  easily  noted  if,  for  comparison^  a 
dish  containing  the  same  amount  of  water  and  chromate  is  kept  beside 
the  dish  in  which  the  test  is  made. 

If  one  or  more  cubic  centimeters  of  silver  nitrate  are  necessary  to 
reach  an  end  point,  the  test  may  be  made  without  evaporation,  but  if 
less  is  required,  then  evaporate  250  c.  c.  to  25  c.  c.  volume  before 
making  the  test.  It  may  at  times  be  necessary  to  evaporate  more  than 
this  if  the  chlorine  present  is  very  close  to  zero  in  amount. 

It  is  best  to  alwavs  titrate  with  25  c.  c.  of  the  water.  In  this  ease 
0.1  c.  c.  is  subti'acted  from  the  results  as  an  indicator  error.  If  more 
than  this  amount  is  used  in  titration,  subtract  0.1  c.  c.  for  each  25  c.  c 
of  the  volume  of  water  titrated. 

If  250  c.  c.  of  water  are  taken,  the  number  of  cubic  centimeters  of 
silver  nitrate  solution  used  to  obtain  an  end  point  minus  0.1  c.  c.  mul- 
tiplied by  2  gives  the  chlorine  in  parts  per  million. 

Example:  250  c.  c.  are  evaporated  to  a  volume  of  25  c.  c.  and  chro- 
mate solution  added.  In  the  titration  3.5  c.  c.  of  silver  nitrate  are 
used.  Then  (3.5— 0.1)X2  =  6.8.  The  water  then  contains  6.8  parts 
per  million  of  chlorine. 

If  the  sample  is  highly  colored  and  very  turbid,  it  maybe  necessary 
to  clarify  it  by  treating  it  with  an  emulsion  of  alumina.  This  is  be^it 
accomplished  by  bringing  the  water  just  to  the  boiling  point,  and  then 
adding  alumina  and  shaking  the  emulsion.  In  a  few  minutes  the  clari- 
fied water  may  be  decanted.  This  is  allowed  to  cool  and  the  required 
amount  is  measured  out  for  titration. 

OBSERVATIONS   ON  THE  USE   OF   THE  NORMAL  CHLORINE   MAP. 

Having  drawn  a  map  of  this  character  for  any  coast  State  we  are 
then  able  to  estimate  the  pollution  in  any  natuiul  water  by  the  amount 
of  chlorine  present  over  the  normal.  In  some  instances  it  is  first  neces- 
sary to  ascertain  that  the  chlorine  is  not  from  mineral  sources. 

It  will  be  seen  that  the  normal  chlorine  lines  are  of  great  practical 
value  both  to  the  chemist  and  to  the  engineer,  as  they  give  an  index 
from  which  may  be  estimated  the  sanitary  quality  of  most  waters  ana- 
lyzed within  the  coast  States.  The  chlorine  also  furnishes  informa- 
tion as  to  the  source  of  deep-seated  springs  or  artesian  weUs. 

While  this  chlorine  in  the  general  run-oflf  is  in  direct  proportion  to 
the  population  on  a  drainage  area,  provided  none  of  the  sewage  is  car- 
ried outside  of  that  area,  yet  waters  in  this  region  may  have  been  puri- 
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Chlorine  determineUums  for  Maine. 
[Parts  per  million.] 


Sooroe. 


Androacoggin  County: 

Auburn,  Lake  Auburn  . . 

Curtis  Comer,  spring 

Lewiston,  spring 

well 

Lisbon,  spring.... 

Livermore  Falls,  spring. . 

Mechanic  Falls,  spring . . 
water  supply 

Sabattus,  spring 

Turner,  well 

West  Minot,  spring 

Aroostook  County : 

Caribou,  well 

Fort  Fairfield,  spring  . . . 

Fort  Kent,  spring 

Houlton,  spring 

Presque  Isle,  brook 

Cumberland  County: 

Ash  Cove,  spring 

Brunswick,  spring 

water  supply 

Deering,  spring 

East  Baldwin,  well 

Gray,  spring 

Growstown,  spring 

North  Raymond,  spring. 

Portland,  spring 

Pownal,  spring 

Saccarappa,  well 

Scarboro,  spring 

Sebago,  lake 

well 

Walnut  Hill,  well , 

West  Baldwin,  spring. . , 

Weetbrook,  spring 

Yarmouth,  spring 

Yarmouth ville,  spring  . 
Franklin  County: 

Avon,  pond 


Chlorine. 


2.0 
2.0 
2.0 
2.0 
2.5 
.8 
1.5 
2.0 
2.0 
2.0 
2.0 

.3 
.3 
.3 
.4 
.3 

6.0 
2.8 
4.0 
4.0 
2.0 
2.5 
5.2 
2.0 
6.0 
6.0 
5.0 
6.0 
2.0 
2.0 
5.0 
1.5 
4.0 
6.0 
5.0 

.8 


Sooice. 


Hancock  County: 

Bar  Harbor,  Eagle  Lake  . 
Brooklin,  spring 

well 

Brooksville,  spring 

Bucksport,  well 

Castine,  spring 

Lemoine,  spring 

Sedgwfck,  Black  Pond  . . . 

spring 

spring 

Upper  Pond 

Kennebec  County: 

Augusta,  well 

Gardiner,  spring 

Manche«Jter,  well 

Monmouth,  spring 

Riverside,  spring 

Waterville,  China  Lake . . , 

Messalonskie  Lake 

Messalonskie  River . . . 

Tobey  Stream 

West  Sidney,  spring 

Winslow,  spring 

Winthrop,  well 

well 

Knox  County: 

Camden,  spring 

Rockland,  water  supply... 
Thomasville,  water  supply. 

Union,  spring 

Warren,  spring 

Washington,  spring 

Lincoln  County: 

Jefferson,  stream 

Waldoboro,  well 

Oxford  County: 

Andover,  spring 

Canton,  well : 

Dixfield,  small  brook 


5.0 
8.0 
8.6 
6.0 
5.0 
5.0 
5.0 
5.8 
6.8 
6.4 
6.5 

2.0 
3.0 
1.5 
2.0 
2.0 
L5 
1.2 
1.2 
1.2 
2,0 
2.0 
2.0 
2.0 

4.0 
3.7 
6.0 
2.5 
4.0 
2.5 

3.0 
4.0 

.5 
1.0 

.8 
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Chlorine  determmations  for  Maine — Ck>ntinaed. 

[Parts  per  million.] 


Source. 


Chlorine. 


Oxford  County — Continued. 

Fryeburg,  well 

Gilead,  reservoir 

Middle  dam,  Richardson 
Lake 

Upper  dam,  spring 

Welch ville,  well 

West  Bethel,  spring 

Penobscot  Countv: 

Bangor,  spring 

Dexter,  well 

Hampden,  well 

Old  Town,  spring 

Piscataquis  County: 

Greenville,  spring 

Guilford,  spring 

Sagadahoc  County: 

Bath,  lake 

ppring 

water  supply 

Bowdoinham,  spring 

Richmond,  water  supply . . 

Bomerset  County: 

Pittsfield,  spring 

The  Forks,  spring 

Waldo  County: 

Brooks,  well 

Stockton  Springs 

Swanville,  well 


1.0 
.6 

.6 

.5 

1.0 

.8 

1.5 

.  7 

2.0 

1.0 

.5 
.5 

4.0 
6.0 
4.0 
4.0 
2.5 

1.0 
.4 

3.0 
6.0 
5.0 


Source. 


Waldo  County — Continued. 

Unity,  reservoir 

Winterport,  well 

Washington  County: 

Baring,  Spragues  Falls . 

Calais,  spring 

Cherryfield,  spring 

Eastport,  Chadbum  dam 

Perry  dam 

water  supply 

East  Machias,  lake 

Edmonds,  spring 

Harrington,  spring 

Machias,  spring 

York  County: 

Alfred,  well 

Cape  Elizabeth,  well . . . 

Cornish,  spring 

Eliot,  spring 

Hollis,  well 

Rennebunk,  spring 

well 

Lebanon,  well 

Limington,  spring 

Lyman,  spring 

Old  Orchard,  spring 

Sandford,  spring 

well 

South  Berwick,  spring  . 
Springfield,  well 


Chlorine. 


L5 
2.0 

2.3 
4.0 
4.0 
2.4 
3.2 
3.1 
4.0 
4.0 
6.0 
6.0 

2.5 
9.0 
1.5 
4.0 
3.0 
5.0 
6.0 
4.0 
2.0 
3.0 
6.0 
2.7 
3.0 
3.5 
4.0 


THE  ISOCHLORS  OF  NEW  HAMPSHIRE. 

The  New  Hampshire  isochlors  (PI.  Ill)  were  drawn  from  observa- 
tions obtained  by  Mr.  H.  E.  Barnard,  chemist,  New  Hampshire  State 
board  of  health,  and  from  the  work  of  Mr.  M.  O.  Leighton  and  the 
author. 

The  outlines  follow  the  seacoast  in  a  general  way,  but  the  inland 
lines  (0.4  and  0.5  part  per  million)  are  deflected  to  some  extent  toward 
the  coast  by  the  influence  of  the  White  Mountains.     The  following  is 
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an  extract  from  Mr.  Barnard's  letter  on  the  normal  chlorine  of  New 
Hampshire: 

I  am  inclosing  the  results  of  the  chlorine  determination  of  570  waters,  colleded 
from  145  different  towns.  About  200  of  these  determinations,  representing  waten^ 
from  the  southeastern  part  of  the  State,  near  the  coast,  were  made  on  samples  col- 
lected expressly  lor  the  chlorine  work  and  are  from  supplies  of  known  purity.  The 
remainder  of  the  examinations  were  made  in  the  course  of  our  regular  work  on  sani- 
tary water  analyses,  and  the  results  are  selected  from  over  1,800  analyses.  We  feel 
confident  that  they  represent  normal  chlorines,  as  they  are  mainly  spring  supplies. 
The  chlorine  factor  was  not  accepted  as  normal,  however,  until  complete  sanitary 
analyses  had  proved  the  supply  to  be  entirely  free  from  contamination. 

Some  few  results  represent  town  supplies,  and  others  are  obtained  from  analyses 
of  small  mountain  streams.  The  incorporation  of  the  results  of  analyses  of  riTer 
water  has  been  avoided  because  the  chlorine  content  of  an  unpolluted  river  water  is 
frequently  less  than  that  of  the  town  through  which  it  flows,  due,  of  course,  to  the 
fact  that  the  river  is  fed  by  streams  and  ponds  along  the  mountains  where  the 
normal  chlorine  is  low. 

The  chlorine  content  of  waters  along  the  coast  has  been  determined  carefully  and 
is  found  to  diminish  so  rapidly  that  5  miles  will  frequently  change  the  isochlor  10 
parts  per  million.  This  is,  of  course,  true  only  near  the  coast.  It  may  be  argued 
that  determinations  of  chlorine  in  water  located  directly  on  the  coast  have  little 
significance  because  of  the  liability  of  change  of  chlorine  content  when  heavy  storms 
sweep  in  off  the  sea.  I  have  found  that  duplicate  analyses,  made  at  different  seasons, 
showed  differences  so  slight  that  they  were  well  within  the  limit  of  error.  Refer- 
ring to  the  chlorine  map  you  have  drafted,  I  am  surprised  that  our  isochlors  agree 
so  closely. 

The  following  list  gives  the  observations  which  have  had  a  bearing 
upon  the  determination  of  normal  chlorine  lines  in  the  State  of  New 
Hampshire: 

Chlorine  determinations  for  New  Hampshire. 
[Parts  per  million.] 


Source. 

Samples. 

Chlorine. 

0.73 
.9 
.75 

1.18 

1.0 
.79 

1.0 

.75 

.7 

.58 

.75 

.75 

.5 

t 

Soarce. 

Samples. 

Ghlorin**. 

Belknap  County : 

Belmont 

5 
1 
1 
4 

1 
8 
9 

1 

1 

Carroll  Co.— Cont'd. 
Lower  Bartlett 

1 

j        0.5 
.9 

;    .66 

K7 

Center  Harbor 

Moultonboro 

Gilmantown 

Laconia 

Mount  Pleasant . . 
Ossipee 

2 
2 

Meredith 

New  Hampton . . . 
Tilton 

Snowville 2  '          .87 

Tamworth 2           1.0 

Wakefield l           2  n 

Carroll  County: 

Bartlett 

Wolfboro 

Cheshire  County: 

Chesham 

Dublin 

3              ,73 

Do 

3 
5 
1 

.72 

Conwav 

3 
1 
1 

1 

.93 

Eaton 

Fitzwilliam 

Do 

1.0 

Freedom 

.  1 

Intervale 

Harris\'ille 

3 

.75 

I 

I 


I" 


^ 


t 


N<^ 


MONT    AND    NEW    HAMPSHIRE. 


im 


JACKSON.] 
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Chlorine  determinations  for  New  Hampghire — Continued. 

[Parts  per  million.] 


Source. 

Samples. 

Chlorine. 

Source. 

Stunples. 

Chlorine. 

Cheshire  Co. — Cont'd. 
Jaffrey 

0.8 
.87 
.85 
.7 
.88 
.5 

1.0 

1.01 

1.0 
.62 
.92 

.75 

.5 

.4 

.3 

.75 

.5 

.39 

.5 

.5 

.43 

.60 

.7 

.55 

.6 

.75 

.77 

.6 

.65 

.6 

.64 

.7 

.5 

.74 

.78 

.5 

,6 

Grafton  Co.— Cont'd. 
T'incoln 

3 

4 

15 

3 

0.46 

Jaffrey,  East 

4 

7 

Lisbon 

.75 

Keene 

Littleton 

Lyme  .--.. 

.74 

Do 

.78 

Marlboro 

2 

1 
1 
3 
1 
2 
1 

3 

1 

/  •••■vy    ........... 

Orford 

.5 

Marlow 

Do 

3 
3 

1 

.82 

Monad  nock 

Nelson 

Piermont 

Pike 

.67 
.49 

Troy 

Plymouth 

.7 

Walpole 

Do 

10 
7 
3 

2 

7 

.89 

Winchester 

Warren 

.77 

Coos  County: 

Berlin 

Woodsville 

Hillsboro  County: 
AmhefT^ 

.63 

Colebrook 

1.0 

Pumn^er 

Antrim 

1.01 

Erroll 

Do 

.9 

Grorbam 

2 

Bennington 

Brookline 

Deerine  ...... 

3 
3 
^  1 
2 
6 
8 

.67 

Groveton 

.34 

Jefferson 

1 
2 
2 
3 

1 

.60 

Lancaster 

Stratford 

Whitefield 

Grafton  County: 

Alexandria 

Aahland 

Francestown 

Goftetown 

Greenfield 

Greenville 

LO 
L5 
.79 
L2 

Hillsboro 

Hudson  .- 

2 

6 
16 
1 
3 
3 
5 
23 
5 
6 

.65 
1.34 

Bethlehem 

Bo 

7 

Manchester 

Mason 

1.34 
LO 

Bridgewater 

Bristol  ..: 

1 
4 

Mount  Vernon . . . 
Nashua 

L08 
L5 

Do 

New  Ipswich 

Peterboro 

Weare 

LI 

Oampton 

Do 

11 

.97 
L23 

Onnaan 

12 

Wilton 

L13 

Do 

Merrimack  County: 
Allenstown 

Franconia 

1 
2 
8 

1.5 

Grafton 

Andover 

2 
3 
4 
1 

.82 

Hanover 

Boecawen 

Bradford 

Chichester ,, 

.88 

Do 

.89 

iiaverhill 

IRR  144—05 1 

4 
2 

LO 
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Chlorine  dderminatUms  for  New  Hamp9hvre — Continued. 

[Parts  per  million.] 


Source. 


Merrimack  CJo. — Con. 

Concord 

Do 

Danbury 

Epeom 

Franklin 

Henniker 

Hill 

Hopkinton 

London  

Pembroke 

Penacook 

Pittsfield 

Salisbury 

Suncook 

Sutton 

Warner 

Rockingham  County: 

Atkinson 

Auburn 

Exeter 

Do 

Hampton 

Hampstead 

Londonderry 

Newmarket 

Newton 

Portsmouth 

Salem 

Salem  Depot 


Samples. 


21 


2 

14 

16 

2 

2 

3 

1 

2 

1 

3 

3 

2 

5 

12 

5 
5 


6 
5 
4 
6 
6 


8 


Chlorine. 


1.28 
1.1 

.95 
2.  OS 
1.03 

.73 
1.0 
1.03 

.93 
1.5 
1.1 
1.5 
1.0 
1.5 

.85 

.89 

3.2 

1.6 

3.7 

3.25 

6.0 

2.59 

1.75 

3.2 

3.60 

4.0 

2.1 

2.45 


Sonrce. 


Samples. 


Rockingham  County 
—Continued. 

Sandown 

Seabrook 

South  Hampton . . 

Stratham , 


Strafford  County: 

Barrington 

•       Dover 

Durham 

Farmington 

Gonic 

Millton 

Rochester 

Do 

Salmon  Falls. . . 

Summersworth 
Sullivan  County: 

Charlestown . . . 

Claremont 

Do 

Cornish 

Goshen 

Meriden 

Newport 

Plainfield 

Springfield 

Sunapee 

Unity 

Washington  ... 


2 
3 
6 
2 

5 
13 
1 
1 
2 
1 
3 


2 
6 

3 

9 


3 
1 
1 
3 


1 

11 

1 

3 


Chkr>. 


a: 

3.1\* 

3. 7"' 

l-To 

2.0 

1.5 

its 

.s: 

.6 
.65 
.83 
.6 
1.0 
.74 
.6 
.6 


THE   ISOCHLORS    OF   VERMONT. 

The  Vermont  isochlors  (PI.  Ill)  are  drawn  from  data  obtained  from 
Mr.  C.  P.  Moat,  chemist,  Vermont  State  board  of  health.  It  will  be 
seen  that  the  isochlors  are  modified  to  a  considerable  extent  bv  the 
Green  Mountains,  as  well  as  by  the  White  Mountains  in  New  Hamp- 
shire. The  following  figures,  supplied  by  Mr.  Moat,  are  not  only 
interesting  as  determinations  of  normal  W9.ter^  but  also  as  showing 
the  range  of  v^ri^tioo  in  these  waters: 
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Chiorine  determinaiions  for  Vermont. 
[Parts  per  million.] 


Source. 


Addison  Ck>anty: 

Bristol 

Lincoln 

Monkton 

Middlebory 

Shoreham 

Vergennes 

Whiting 

Bennington  County: 

Arlington 

Bennington 

Dorset 

Manchester 

Keadsboro 

South  Shaftsbury. 

Stamford 

Caledonia  County: 

Bamet 

Hardwick 

Lyndonville 

Lyndon  

St.  Johnsbury 

West  Burke 

Chittenden  County: 

Charlotte 

Eeeex  Junction. . . 

Jericho 

South  Burlington. 

Winooski 

Essex  County: 

Brighton 

Canaan 

Island  Pond 

Franklin  County: 

Enosburg 

Fairfield 

Fairfax 

Montgomery 

Rinhford 

St.  Albans 

Swanton,,,,,.,., 


Samples. 

Chlorine. 

12 

0.47 

1 

.3 

2 

.6 

7 

.6 

1 

.3 

2 

.5 

2 

.45 

6 

.6 

7 

.5 

3 

.6 

11 

.5 

6 

.62 

3 

.6 

1 

.6 

1 

.6 

3 

.67 

7 

.44 

2 

.5 

4 

.63 

3 

.33 

1 

.6 

2 

.6 

1 

.4 

1 

.6 

1 

.6 

4 

.4 

5 

.62 

1 

.3 

1 

.6 

1 

.6 

1 

.     .3 

2 

.56 

4 

.6 

2 

.55 

^ 

.52  1 

Source. 


Samples. 


Chlorine. 


Lamoille  County : 

Cambridge 

Elmore 

Hyde  Park 

Johnson 

Morrisville 

Orange  County: 

Bradford 

Corinth 

Newbury 

Randolph 

Strafford 

Jutland  County: 

Mount  Tabor  . . 

Pittsford 

Poultney 

Proctor 

Rutland 

Rutland  Center 

Sudbury 

Wallmgford  . . . 
Washington  County: 

Barre 

Berlin 

Cabot 

Duxbury 

Marshfield 

Middlesex 

Montpelier 

Northfield 

Waterbury 

Windham  County: 

Bellows  Falls . . 

Brattleboro .... 

Sax  tons  River  . 

Stratton 

Townsend 

Wilmington  ... 
Windsor  County: 

Barnard 

Bethel 


6 
2 
3 
5 
2 

4 
2 
2 
6 
2 

1 
5 
4 
6 
7 
4 
1 
1 

4 
2 
1 
2 
2 
4 
9 
9 
0 

1 
1 
2 
1 
1 
3 

4 
1 


0.47 
.45 
.57 
.38 
.6 

.6 

.6 

.65 

.56 

.45 

.5 

.42 

.42 

.55 

.47 

.45 

.4 

.5 

.5 

.4 

.4 

.6 

.45 

.4 

.51 

.49 

.53 

.6 

.6 

.55 

.6 

.6 

.43 

.5 
.4 
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Chlorine  determinatians  for  Vermont — Oontinaed. 

[Parts  per  million.] 


Bonioe. 


Windsor  Co.—Cont'd. 

Chester 

Hartford 

Norwich 

Pomfret 

Plymouth 


Samples. 

Chlorine. 

4 

0.55 

5 

.  56 

7 

.47 

1 

.7 

1 

.6 

1 

Source. 


Windsor  Co.— Cont'd 

Rochester 

Royalton 

Springfield 

Windsor 

Woodstock 


Samples. 


ChbM^ 


4 
2 
9 

4 


5  ' 


a4 

A 


.5 


Besides  these  observations  the  following  may  also  be  considered  in 
estimating  the  isochlors  for  this  State: 

Chlorine  determinations  for  Vermont — Additional  Utt. 

[Parts  per  million.] 


Source. 

Chlorine. 

Source.                             ChJoriDr. 

Arlinston.  sprinflr 

0.5 
.5 
.4 
.4 
.5 
.4 

.4 
.5 

1 

Manchester,  water  supply >        0.4 

Middlesex,  spring |         .4 

Bamet,  water  supply 

Bennineton,  sprinir 

Monkton,  water  supply '         .5 

Cambridire,  sprinir 

Momsv^lle,  sprinir 

.0 

East  Burke,  spring 

North  Troy,  sprine 

.0 

Enoflbunr  Falls,  sprimr 

Readsboro,  water  supply 

St  Johnsbury,  Stiles  Pond 

.5 

G^eoigeville,  spring  just  above 
State  Ime 

.5 
A 

IJncnln,  sprinir. 

THB  ISOCHLORS  OF  MASSACHUSETTS. 

The  Massachusetts  isochlors  (PI.  lY)  are  practically  the  same  as 
those  published  by  the  Massachusetts  State  board  of  health  in  their 
report  of  1890.  In  minor  respects  these  lines  have  been  modified  to 
conform  with  the  work  in  adjoining  States.  It  is  only  in  the  isocblor 
of  1  part  per  million  that  any  material  change  has  been  made.  Thi> 
line  was  modified  to  agree  with  the  work  in  Connecticut  and  New 
York. 

The  northeast  winds  sweeping  across  this  State  have  a  tendenej  to 
drive  the  chlorine  far  inland,  and  it  will  be  seen  that  most  of  the  line' 
are  farther  from  the  coast  than  would  be  expected,  and  that  this  eSec: 
is  greatest  in  the  most  exposed  areas.  In  the  western  part  of  ^ 
State  this  is,  to  some  extent,  counteracted  by  the  Holyoke  RsLDgeao^ 
the  Berkshire  Hills. 

The  following  average  observations  have  influenced  the  esteWist 
ment  of  the  position  of  the  Massachusetts  isochlors: 
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"X 
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Chlorine  deterrninoHons  for  ManachtudU, 
[Parts  per  million.] 


Source. 

Chlorine. 

Source. 

Chlorine. 

• 

Fierkshire  County: 

Cheshire,  reservoir 

0.6 

.7 
.7 

.9 

.8 
.7 
.7 
.7 
.6 
.4 
.9 
.8 
.7 
.7 
.6 
.5 

5.2 
5.3 

2.4 
3.5 
2.7 
5.3 
2.0 

.7 

.6 
1.1 
1.0 

.7 

.9 

.9 

.6 

1.1  i 

1.2 
LO 

Hampden  County — Continued. 
Monson,  well 

1.2 

Dalton,  ERypt  Brook 

lower  reservoir 

Great  Harrington,   Green 
River 

Russell,     middle    branch 
Westfield  River  .... 

Springfield,  Ludlow  reser- 
voir  

Hampshire  County: 

Huntington,  east  branch 
Westfield  River  .... 

middle  branch  West- 
field  River  

.7 
1.2 

Hinsdale,      east     branch 
Hoiisatonic  River. . . 

storage  reservoir 

Lee,  lower  reservoir 

1.0 
.9 

Lenox,  reservoir 

Middlesex  County: 

Ashland,  Basin  No.  4 

Concord,  Sandy  Pond 

Framingham,  reservoir 

Hudson,  Gates  Pond 

Pepperell,  sprini; 

North  Adams,  Notch  Lake. 
Pittsfield,  Pontoosuc  TAke. 

Millbrook  reservoir . . . 

Sackett  Brook 

.  Sheffield,  spriDg 

2.3 
2.5 
2.3 
2.0 

1.5 

Stockbridge,  Lake  A  verie. . 
Williamsto  wn,  Cold  Spring . 

Sherman  Spring 

Bristol  County: 

Fall  River,  Watuppa  Lake. 

Sudbury,  reservoir 

Wayland,  Snake  Brook  . . . 

Nantucket  County: 

Nantucket,    Wannacomet 
Pond 

2.2 
2.3 

22.6 

New    Bedford,    Acushnet 
reservoir 

Plymouth  County: 

Hingham,  Accord  Pond... 

Ijakeville,  Long  Pond 

Plymouth,     Little    South 
Pond 

RflRex  County: 

Andover,  spring 

6.0 
4.5 

Dan  vers,  Middleton  Pond. 

6.2 

Haverhill,  Crystal  Lake . . . 
Ipswich,  storage  reservoir. 
Methuen,  spring 

Worcester  County: 

Ashbumham,  storage  res- 
ervoir  

1.3 

Franklin  County: 

Conway,  brook 

Berlin,  Fosgate  Brook 

Clinton,  Lyndes  Brook 

Holden,  Tatnuck  Brook. . . 

Leicester,  storage  reservoir. 

Leominster,  Haynes  reser- 
voir   

L9 
1.6 

Deerfield,  brook 

L2 

Greenfield,  Glen  Brook  . . . 
Montague,  Lake  Pleasant. . 

Northfield,  reservoir 

Orange,  reservoir 

1.2 
1.2 

North    Brookfield,    Doan 
Pond 

1.2 

Whateley,  West  Brook 

Hampden  County: 

Chester,  Austen  Brook  res- 
ervoir   

Rutland,  MusquahogLake. 

South  bridge,  reservoir 

Spencer,  Shaw  Pond 

Sterling,  Stillwater  River. . 

Worcester,  Bottomly  Pond. 

Kent  reservoir 

Tatnuck  Brook  reser- 
voir   I 

L4 
L3 
L4 

Chicopee,   Cooley    Brook 
reservoir  .1 

L6 
1.5 

Granville,  middle  branch 
Westfield  River .... 

Ludlow,  Chapin  Pond 

L5 
1.3 
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THE  ISOCHLORS  OF  RHODE  ISLAND. 

The  lines  of  equal  chlorine  for  Rhode  Island  (PL  lY)  are  drawo 
from  data  furnished  by  Dr.  Gardner  T.  Swarts,  secretary  of  tbf 
Rhode  Island  State  board  of  health.  Observations  made  in  Massa- 
chusetts and  Connecticut  were  also  of  great  assistance  in  defining  thesff 
lines.  The  following  analyses  in  Rhode  Island  have  influenced  the 
determination  of  their  position: 

Chlorine  determinations  for  Rhode  Idand. 
[Parts  per  million.] 


Source. 

Chlorine. 

Source. 

Chkinii^. 

Kent  County: 

Washington,  CarFs  pond. . . 
East  Greenwich 

2.9 
4.0 

dO.S 

3.4 

3.2 
2.2 

Providence  County — Continued. 

Harrisville,  Wallum  Pond. . 

Foster,  spring 

Diamond  Hill,  well 

Washington  County: 

Wakefield,  spring 

l.fe 
2.1 

Newport  County: 

Block  Island,  Sand's  pond. . 
Providence  County: 

19 
5.4 

Pawtuxet  Valley,  reservoir. 

Rocky  Brook 

5.8 

Pawtucket  supply,  Abbott 
Run 

West    Kingston,    Barber's 
Dona 

3.2 

Woonsocket,  reservoir  No.  3. 

100-acre  Pond 

3.6 

1 

THE  ISOCHLORS  OP  CONNECTICUT. 

The  normal  chlorine  lines  in  Connecticut  (PI.  IV)  were  established 
by  Dr.  Herbert  E.  Smith,  chemist,  Connecticut  State  board  of  health, 
and  Dr.  Frederick  S.  Ilollis,  from  whose  article  in  the  report  of  the 
Connecticut  State  board  of  health  for  1902,  together  with  their  obser- 
vations on  normal  waters  of  the  State,  the  exti*act  quoted  below  is 
taken. 

Observations  since  obtained  from  Doctor  Smith  give  data  for  add- 
ing the  4,  5,  and  6  lines  to  the  map.  The  strong  protecting  influence 
of  Long  Island  cuts  these  lines  off  on  the  western  coast  in  a  very 
peculiar  manner. 

NORMAL   DISTRIBUTION   OP  CHLORINE   IN   CONNECTICUT. 

In  the  report  of  the  Connecticut  State  board  of  health  for  1895  a  chlorine  map  t>f 
the  State  was  published,  which  was  based  on  averages  of  chlorine  determinations 
from  38  sources.  The  origin  of  chlorine  in  natural  waters  and  the  value  of  an  acco- 
rate  knowledge  of  the  normal  chlorine  of  a  district,  any  exceas  above  which  is  an 
important  factor  in  establishing  the  degree  of  contamination,  were  fully  discussed. 

During  the  seven  years  that  have  elapsed  since  the  publication  of  the  map  maoj 
of  the  sources  used  in  the  construction  of  the  isochlorine  lines  have  been  reexamined, 
and  many  new  sources  have  been  examined  by  making  monthly  or  bimontiily 
analyses  during  one  or  more  years.    Much  information  has  been  gained  also  from 
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the  IsLTge  number  of  analysee  of  individual  samples  from  different  parts  of  the  State, 
as  in  the  systematic  examination  of  spring  waters.  The  averages  of  the  chlorine 
determinations  from  those  sources  which  appear  to  be  free  or  practically  free  from 
contamination  are  used  in  the  construction  of  the  new  map.  The  71  sources  are 
divided,  according  to  the  number  of  analyses,  into  three  groups  and  entered  alphas 
betically.  *  *  *  Each  average  is  entered  on  the  map,  and  isochlorine  lines  are 
drawn  indicating  the  center  of  the  comparatively  limited  zones  in  which  the  chlorine 
agrees  with  that  of  the  given  chlorine  line. 

Considerable  difficulty  was  found,  as  in  the  case  of  the  earlier  map,  in  locating  the 
lines  in  the  eastern  part  of  the  State,  where  there  are  very  few  public  supplies  and 
from  which  section  but  few  determinations  have  been  made.  Samples  were  analyzed 
monthly  from  April  to  September,  1902,  from  Wyassup  Pond,  in  North  Stonington; 
Beachdale  Pond,  in  Voluntown;  Moosup  Pond,  in  Plainfield  (the  drainage  area  of 
which  extends  into  Killingly;  the  Danielson  reservoirs,  in  Killingly,  and  Crystal 
Pond,  between  Eastford  and  Woodstock.  These,  with  previously  collected  data, 
probably  locate  the  lines  with  a  fair  degree  of  accuracy,  and  have  resulted  in  lower- 
ing the  3  and  2.5  lines  considerably  and  in  raising  the  2  and  1.5  lines,  as  compared* 
with  the  earlier  map. 

AVERAGES  OF  CHLORINE   DETERMINATIONS   UPON   WHICH   THE   MAP   IS  BASED. 


[Parts  i>er  million.] 


SOURCES  FROM  WHICH  TWELVE  OR  MORE  DETERMINATIONS  HAVE  BBBN  MADE. 


Ansonia 2. 8 

Berlin 1. 9 

Bethany 2.4 

Bethel 1.9 

Branford 4.5 

Brulgejjort 3.7 

Bristol 1.5 

Chaplin 1.9 

Danbury 2.3 

Durham 2.  7 

East  Haven 4. 1 

Easton 2.9 

Famiington 1.8 

Goshen 1.5 

Greenwich 3.0 

Hamden 2. 4 


Kent 1.6 

Killingly 2.3 

Killingworth 2.9 

Manchester 1. 8 

Meriden 1.9 

Middletown 2.5 

Morris 1.6 

Naugatuck 2.0 

Naugatuck  River 1.6 

New  Canaan 2. 7 

NewMilford 1.8 

North  Canaan 1.2 

Norwich 2.6 

Orange 2. 3 

Rockville 1.6 


Ridgefield 2.2 

Seymour 2.3 

Southington 1.7 

Do 1.9 

South  Manchester 1.8 

Stamford 2.3 

Stonington 5.1 

Thomaston 1.6 

Watertown 1.7 

Waterford 3.3 

West  Hartford 1.5 

West  Haven 6.0 

Winchester 1.3 

Wolcott 1.9 

Do 2.0 


SOURCES  FROM   WHICH  SIX    DETERMINATIONS  HAVE  BEEN  MADE. 


Chester 3.0 

Eastford 1.8 

Moosup 2.2 


Oxford 1.7 

Do 2.2 

Stafford  Springs 1.6 


North  Stonington 3.1    Thomaston 1.6 


Union 1.4 

Voluntown    -. 2.7 

West  Cornwall 1.1 

Do 1.3 


SOURCES  FROM  WHICH  THREE  DETERMINATIONS  HAVE  BEEN  MADE. 


EastGranby 1.6 

East  Hartford 2.0 

Farmington 1.9 

Griswold 2.3 

Hebron 2.6 

New  Canaan 2.7 


New  Hartford 1.3 

North  Canaan 1.1 

Portland 2.4 

Plymouth 1.9 

Salisbury 0.9 

Shelton 3.1 


Southington 1.9 

Simsbury 1.8 

Westbrook 6.7 

Windsor  Locks 1.5 

Woodbury 1.9 
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Chlorine  determinations  for  Qmnecticui. 
[Parts  per  million.] 


Soarce. 

Si 

12 

12 
40 

12 
12 

12 

24 

85 

6 
12 

12 

12 

6 
6 
3 

86 

> 

< 

2.8 

1.9 
2.4 

1.9 
4.5 

8.7 

1.5 

L9 

3.0 
2.5 

2.1 

2.6 

1.8 
1.6 
2.0 

4.1 

1 

• 

a 

§ 

Febniary. 

March. 

1 

] 

. 

A 

2.75 

1.80 
2.98 

2.64 

1.70 
2.78 

June. 

3 

August. 

September. 

October. 

i  •  ! 
2;    - 

Aiiw>niAo 

1897 

1899 

1894 
1897 
1898 
1899 
1900 
1901 
1902 
1897 
1900 

1896 

1895 
1901 

1889 
1890 
1891 
1899 

1895 

1896 
1900 

1896 
1900 

1895 

1902 
1898 
1897 

1890 
1891 
1895 
1897 
1898 
1899 
1900 
1901 
1902 

3.40  3.25!  2.80 

2.45  3.20 

1 
1.60   1.90 

1 
2.30  2.90 

2.65 

•f  8.00  -i*' 

Berlin.  Kenmere  res- 
ervoir      (Meriden 
BUDOly  ) 

1.70 
2.95 

2.40 
3.32 

1 

1.90 
3.06 

1          1           1 

'                     1 
1.T0   2.0*  1.60   2.40  i* 

BethAny,Daw8on  res- 
ervoir aystemb 

t 

2.34   2.24!  2.36 

1 

1 
2.76   2.85j  3.07  i* 
2.40 ' '  S.lL 

1.80 
1.60 

1 

1.90 1 

1.90 
L80 
L8S 
2.02 

' l.» 

1  80 

) 2.96 

2.40 
2.30 

2,00 

*•"••]"•"•• 

.....    .....      _<v 

i« 

2.76 
2.50 
2.50 
4.60 

3.90 

L9 
2.06 

2.70 
2.60 
2.40 
4.00 

8.50 

1.9 
1.60 

2.00 

2.06 

1.80 

1.80  1.46 

2.60  2.50  ±\i 

f 

Bethel,  storage  res 

Branford 

1.90  1.80 
3.5o'  6.30 

L80 
4.40 

8.50 

1.4 
1.10 

1.80 
4.50 

3.15 

1.5 
1.06 

1.90  L70'  1.60|  1.80'  2.25  2.  S> 
3.90   4.62,  4.10   4.34    4.70  4.»' 

Bridgeport     (Island 
Brook  supply) 

Bristol,  storage  res. 
and  Poland  River . . 

Chaplin,     Natchaug 
^er(Willimantic 
suddI  V 1 

3.70 

1.8 
L76 

3.70 

1.2 
1.50 

3.20 

1.3 
1.14 

3.70 

1.4 
1.84 

1.8 

1           '' 
3.90  3.50  4.20  4.76 

1.3  !  1.6  1  1.7     1.1 

1.00   1.60  L»  l.X« 

1 

"**K1'*#  /•.....•...... 

1.8 
2.0 
L6 

2.1 
L5 
2.10 

1.8     1.5 
1.3     1.8 

1.6 
1.7 
1.70 

2.8 
1.80 

1.90 
2.5 

1.4 
1.3 
1.20 

2.9 

2.25 

3.30 
9.  I. 

1.8 

2.1     2.0  '  2.3  '  1.8    -2.4 

1          1 


Chester,    Watrous 
Pondo 

1.10 

1.60 

2.9 

3.20 

2.25 

2.7 
1.94 

1.60 
2,8 

1.90 

2.10J  2.70,  3.70  1-J 

1  a  7  1 _ 

Danbury    (Kohanza 
supply) 

8.10 

2.60 
3.4 

2.20 

2.20 
2.7 

1.70 

1.90 
2.9 

-  1 '       ■   ' 

1 
a  30: !L20 '»  9B 

East    Lake    and 
Padanaram  res- 
ervoir   

2.30 

.....    2. 26  .....    3. 4ti ..... 

i 

2..'ifi               1.90 1« 

Durham,  Lake  Piste- 
paugd 

1.90 1.38, 1  2.06 

1 

2.5     2-4  1  2.5     2.8  ,  2.fi     9  S 

Eastford,     Crystal 
Pond  e 

1 
1.84:  1.74 

1.6     1-6 

1.60 

l.«D            1  l.fifi' 

EastGranby/ 

East  Hartford 

1.4  1 I'M...J.             -. 

1.90 

2.00 

U-7  '1 
1 

1 
2.20 

East    Haven,    Lake 
Saltonstall     (New 
Haven  supply) 

3.6 
■4V 

1 
3. 7     41 

8.9    3.7 

3.6 

8.5 

3.5 

8.8 
8.8 

4.0 

3.7 
4.0 

4.2 

..... 

4.3 
4.10 

4.20 
4.20 

4.10 

4.40 
4.00 
3.90 
4.74 

4.50 

4.10 

' 

4.30 
4.20 
4.46 

4.9) 

1 

4.66 

'  4.7U 

. . .  .1 

i  4.30 

4.30 

4,20 

1 

a  Ansonia  Water  Company.    From  storage  reservoir  on  Beaver  Brook. 

t>New  Haven  supplv.  Dawson  reservoir  is  in  Woodbridge  on  West  River,  and  receives  water  frma 
Chamberlain  reservoir  on  Sargent  River  and  from  Bethany  reservoir,  4  miles  above  Dawson  roscrvoar 
on  West  River. 

r Situated  partly  in  Woodstock.  Samples  by  Dr.  F.  S.  Smith  from  the  source,  which  is  a  small 
natural  lake. 

dWallingford  public  supply. 

e Samples  by  Dr.  H.  H.  Converse,  of  Eastford. 

/Samples  by  Dr.  C.  M.  Wooster,  of  Tariff  ville.  from  a  small  private  reservoir  or  lake  in  East  Gianby. 
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Chlorine  determinaiions  for  Connecticut — CoDtinued. 

[Parts  per  million.] 


Source. 

•Se- 
al 

12 
3 

12 

12 

86 

3 
88 

5 

17 

12 

12 

6 

6 

35 

35 

4 

12 

< 

2.9 
1.9 

1.8 

1.5 

3.0 

2.6 
2.4 

2.3 
1.6 

2.3 

2.9 

1.7 
1.9 

2.5 

2.2 
1.6 

1896 
1897 

1898 

1897 

1896 
1898 
1901 

1898 

1889 
1890 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1806 
1894 
1900 « 

1896 

1897 
1902 

1901 

1900 

1900 

1889 
1890 
1891 
1899 

1889 
1890 
1891 
1899 

1902 
1901 

• 

s 

•-» 
8.05 

«  ■  •  ■  ■ 

1.84 
1.60 

8.84 
3.50 
3.34 

3.30 

• 

.o 

£ 

2.40 
2.70 

1.60 

1.70 

3.42 
3.00 
3.70 

• 

2.20 

• 

t 

-< 
2.86 

>* 
2.70 

• 

a 

5 

• 

s 

• 

2.90 

September. 

1 

8 

1 
§ 

> 

0 

y 

3.45 

i 

a 

Q 

£a8ton.    Mill    River 
(Bridgeport  supply) 

Varmlnffton 

2.60 

2.60 
1.60 

1.70 

1.70 

3.00 

2.80 
L25 

LOO 

L50 

3,65 

Hartford,    reser- 
voir Mo.  4 

Goshen   (Torrington 
suddIt) 

1.60 
1.15 

3.20 
2.60 
8.50 

1.90 
1.40 

3.30 
2.60 
2.94 

L80 
1.50 

8.60 
2.90 
2.60 

L80 
1  80 

L70 
LIO 

8.40 
2.20 
2.74 



L80 

1.40 

L90 
2.10 

3.40 
3.10 
2.72 

2.80 
2.00 

Oreenwich,       Rock- 
woods  Pond    and 
Putnam  Lalce 

Griswold  (Jewett  City 
huddIv^ . 

3.76 
2.80 
2.26 

2.50 

3.40 
2.70 
2.58 

3.80 
2.40 
2.80 

3.20 
2.80 
2.00 

2.10 
2.8 

3.40 
3.00 
2.10 

Hamden,  Lake  Win- 
tergreen  (New  Ha- 
ven supply) 

2.0 

2.0 

3.3 

2.6 

3.0 

3.0 

8.3  !  2-5 

2,6 
2.4 

2.8 
2.4 

2.8 
2.6 

2.2 

2.6 

2.5 

2.45 

L80 

L60 

2.80 

2.20 

1 

8  00 

2.00 
1.70 
1.90 
8.18 



1.90 
1.90 
2,70 
2.00 

LOO 
2.80 

3.00 
2.20 

2.20 

2.40 

Hebron  Spring  <> 

Kent,  reservoir 

Killlnglyfr 

2.6 
1.5 
L50 

2.2     2.2 

2.3 
L4 

2.2 
2.2 
L04 

1.7 
L90 

2.70 

1.4 

p.  00 
1.80 

I2.2O 
2.70 

1.4 
L20 

'.  •  • . 

L5 

L4 

L2 
LOO 

2.1 
L86 

L9 

2.70 

2.26 
2.30 

2,30 
2.74 

1.60 
1  80 

2.00  2.10'  2.80 

2.14  2.56  3.10 

1 

1  1    en 

•  «  •  •  ■        A  •  C^/    ■  ■  ■  •  ■ 

1 
2.10 

2.40 
2.20 

L18 

LOO 

2.0 
2.1 

Killingworth    (Clin- 
ton suDply ) 

3.80 

1.80 
1.70 

3.70 

3.44 

1.80 
1.70 

3.40 

•  •  •  •  • 

2.0 
L9 

2.94 

L46 

1.74 

1.8 
1.8 

8  00 

Manchester: 

Storage  reservoir . 

Distributing  res- 
ervoir   

Meriden,     Merimere 
reservoir  . 

1 

L5 
L8 

2.0 

1.8 
2,1 
1.70 

2.0 
2.1 
1.70 

2.4 
1.9 
1.40 

1.9     2.8 
1.5     2.4 

L8 
2.1 
LIO 

2.0 

2.0 

Middletown,    Laurel 
Brook  reservoir  .... 

1.50 

1.40 

1.30 

1.60 
2.0 

1.70 

2.3 
2.8 

L80 

2.3 
2.3 

L80 

2.5 
2.6 

L80 
2.5 

2.3 
2.0 
2.40 

2.8 
2.1 
3.00 

2.8 
2.3 

2.^ 
2.S 

3.0 
2.5 
2.40 

2.50 
L56 

2.3 
1.8 
1.70 

2.4 

2.S 

2.6 

Moosup,  Moosup 
Ijake  e 

2.10,  2.10 
1 

2.40 
2.16 

2.90 
1.58 

2.90 

2.10 
1.90 

3.30 

2.10 
1.60 

2.80 

3.10 

Morrisd 

1.78 

1.60 

1.50 

1.70 

0.96>  1.46 

LOO 

1.42 

tt Samples  by  Dr.  C.  H.  Pendleton  from  a  natural  spring  in  the  eastern  part  of  Hebron. 

b Samples  in  1896  collected  February  26  bv  Mr.  A.  B.  Prentice  from  the  various  reservoirs  of  the 
Danielson  supply.  Months  of  1897  sample  collections  not  given.  Samples  in  1902  by  Mr.  G.  S.  Brown 
from  a  tap  in  Danielson. 

^'Samples  by  Dr.  W.  W.  Adams,  of  Moosup.    Drainage  area  partly  in  KiUingly. 

<l Branch  of  Naugatuck  River  ( Waterbury  supply). 
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Chlorine  determinations  for  ConnecticiU — ContinQed. 

[Parts  per  million.] 


Source. 


Naugatuck, 
reserrolr. . 


storage 


Naugatuck    River, 
above  Torrington  . . 


New  Canaan. 


Norwalk,  storage 
reservoir 


New  Hartford: 

South  reservoir... 

Stone  Brook  res- 
ervoir   

NewMilfoid 

North  Canaan: 

Norfolk  supply . . . 

Public  supply 

North    Stonington, 
WyassupPondfr 

Norwich,  storage  res. . 


Sg 


24 


Orange,  Maltby  Lake, 
(New  Haven  supply) 


Oxford: 

Hatter's  Spring  e  . 

Towantic  Spring  << 

Plain  ville 

Plymouth  (Terry ville 
supply) 

Portland 

Rldgefleld 


Rock  ville,  Schenipsit 
Lake 


Salisbury  (Lakevllle 
supply) 


2 


60, 


3 
12 

3 
18 


6 

47 


i 

> 
< 

LO 

1895 

1901 

1.6 

189S 

1894 

1895 

1896 

1897 

2.7 

1897 

9 

a 


I 

2.2  I  2.2 
2.52.  3.10 


2.0 
1.601 


1.4 

L7 
1.80 

i.ao 


I 


35     2.7 


20 


H 


1894 
1897 
1900 

1898 


1.8'  1897 


1.1 
1.2 


3.1 
2.6 


2.3 


3 

3 

12 

23 


3 


1.7 
2.2 
1.9 

1.9 
2.4 
2.24 

1.6 


0.9 


1897 
1894 
1900 

1902 
1889 
1890 
1891 
1894 
1899 

1897 
1898 
1899 
1900 
1901 
1902 

1895 
1895 
1897 

1897 
1897 
1901 

1890 
1891 
1900 

1898 


8.5 
3.45 


1.7  I  1.3 

1.6  I  1.8 

1.65  1.40 

1.40  L30 


8.40 


3.0 


2.6 


3.40  2.90 


3.00:  2.20 


2.00 


1.5 
1.20 


2.0 
2.8 
3.2 
2.20 


2.58 


1.20 

1.50 
2.30 

1.10 
0.9 


2.70 


2.5 
2.6 
2.4 
2.50 


2.66 


1.70 


1.2 
1.00 


2.5 
2.3 
3.3 
2.20 


1.90 
1.80 
2.10 
1.78 


2.74 


1.8 
L20 


2.20 


2.30 
2.70 


1.1 
1.70 

.80 


2.30 


2.20 


1.3 
1.30 


1.5 
1.66 


1.2 
1.6 
1.80 
1.20 


at 


2.1 
1.40 


s 


1.9 
1.30 


1.3  ; 

1.5  j 
1.65 
1.30 


0.9 
1.6 
1.55 
1.20 


2.6 

3.00 

2.40 


2.4 

2.70 

2.20 


L70 


1.0 


3.24 


1.70 


1.4 
1.60 

2.74 


2.8 
2.7 
2.9 


2.1 

2.5 
3.2 


1.8 

2.80 

1.90 

1.10 

1.30 
L20 


1.2 


3.40 


2.9&  1.60 


2.3 
2.6 
2.9 
2.00 


I 


2.30 
1.50 
2.70 
2.44 


fe 

tm 

• 

^ 

& 

• 

>> 

"3 

August 

i 

Ck. 

Octobo 

a 

> 

o 

1.7 

L8 

2.0 

2.3 

2,7 

1.86 

1.66 

1.76 

2.10 

2.00 

2-2 
2.U 


3.1 


3.1 
2.20^ 


2.4 


3.3 
2.601 


1.8 
2.2 


2.10 


1.8 
2.5 


1.5 
2.0 


1.8 
1.60 


2.50 


1.5 
l.SO 


1.50 


1.8 
1.80 

.70 


1.7 
2.1 
1.90 

1.60 
2.30 
1.80 


1.7 
2.0 


2.30 


1.7 


1.5o!  1.40 

I 


2.0     2.S     L5     2.5 


2.5 


2.7     2.9     S.4 


3.5 


2.5  I  S.2     3  6 


2.10  2.10;  3.20  1« 


•2.90 
2.5C' 

3.  OS 


2.00 
1.5 


L60 


1.70 


'i 


1.70|. 


2.60' [, 

2.2fi|2.t>« 

L8|2.i; 


2.14 
1.5 


1.30 
1.90 


1.60j  1. 


a  Not  included  in  average. 

fcSampIes  by  Mr.  E.  H.  Knowles,  of  North  Stonington. 

c  Samples  by  Dr.  Lewis  Barnes  from  a  natural  spring  located  on 
in  Oxford. 

^Samples  by  Dr.  Lewis  Barnes  from  a  natural  spring  located 
Spring. 


the  west  side  of  Little  River  Yailev, 
about  half  a  mile  east  of  Hatter's 


jAckaoy.] 
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Chlonne  determinaiiona  for  Connecticut — Ootitinued. 

[Parts  per  million.] 


Source. 


Seymour,  Fountain 
water  Co.  (Anson  ia 
supply) 

Sbelton 

Simsbury 

Soathington  (New 
Britain  supply): 

Roaring  Brook  . . . 

Shuttle    Meadow 
Lake 


South  Manchester: 
Porter  reservoir . . 
Taylor  storage  res. 

Stafford  Springsa 

Stamford,    Trinity 
".ke.N.Y 

Stonington,    storage 
reservoir 

Thomaston: 

Storage  reservoir. 


Spring  b 

Union  e 

Voluntown: 

Beaehdale  Pondd. 

Beach  Pond 


Great      Meadow 
Brook 


2  o. 

aa 


« 


12 
3 
3 


12 
46 


24 

6 
24 


22 


35 


12 
6 


9i 

> 


2.3 
3.1 
1.8 


1.7 
1.9 


1.8 

1.6 
2.3 


6.1 


1.6 


1.6 
1.4 


Mt.  Misery  Stream 

Waterford.  Lake 
Konomoc  (New 
London  supply) 

Watertown,  Farm 
Brook  (Waterbury 
supply) 


Westbrook  « 

West  Cornwall: 

Lake/ 

Springs  .... 


9 


2.7 


24 


35 


6 


3.3 


1.7 


6.7 


LI 


61  L3 


1898 
1897 
1898 


1899 

1889 
1890 
1891 
1894 
1899 

1900 

1894 

.1900 

1900 

1889 

1890 
1899 

1894 

1900 

1889 
1890 
1891 
1894 
1894 
1895 

1902 
1896 

1896 
11896 

1894 
1899 

1898 
1899 
1900 
1895 

1895 
1895 


c 


2.70 


1.50 


2.3 
1.7 
L9 
L50 

1.40 
2.1 
L70 
1.60 


2.5 
2.10 


5.00 


1.8 
1.6 
2.0 
1.3 


3.8 
3.10 


1.20 
L90 


I 


2.60 
2.90 


.a 

ad 


L40 


2.5 
L9 

•     •    «    V     « 

1.20 
1.5 


2.4 
1.50 

8 

0 
4.50 


[i 


2.20 
L30 

0.70 


2.3 
1.6 
L9 
1.40 

1.50 
L3 
1.50 
L40 


2.8 

1.50 


1.8 
1.3 
2.0 
L3 


3.3 

3.0 
2.7 

3.3 
3.10 

1.60 
L70 
L90 


K 


4 
4.90 


1.4 
L2 
2.1 
L5 


3.3 
8.10 

1.20 
L30 
2.30 


a. 


2.30 


L60 


2.5 
2.0 
2.0 
L50 


L7 


2.8 
1.60 

3.1 

4.30 


1.9 
L6 
1.7 
1.4 
1.4 

2.86 


3.5 
2.90 

1.20 
L20 
1.80 


.9 
LO 


at 


2.20 


1.60 


2.3 
2.0 
2.1 
L90 


P 
9 


2.10 
2.00 

L80 


2.0 
L6 
2.0 
2,70 


A*  aKIi  «  •  •  •  * 

L6  I  L6 

L50 

L50 


2.8 
1.90 

5.4 

4.50 


2.54 


3.5 
3.20 

L60 
1.40 
L80 
4.7 

LI 
1.2 


L8 
L60 


3.60 


L8 

1.1 

1.4 

L3 

L7 

1.4 

1.5 

1.2 

1.2 

1.3 

2.18 


3.3 
3.00 

1.50 
.90 
LIO 
6.8 

1.2 
L3 


9 


2.20 
3.30 


2.00 


2.0 


2.0 
2.30 

L80 
2.0 
L70 
L60 


2.0 
2.00 

5.2 

4.30 


9 


2.40 


2.20  1.70 


L3 

L8 


2.0 
L70 


2.2 


L8 


L5 


2.70 

5.5 

3.10 

LO 
1.7 


1.6 
1.5 
L4 

2.62 


3.6 
3.30 

L90 
L60 
1.90 
7.1 

1.1 
1.2 


1.6 
L6 
1.5 

2.90 


3.4 
2.  TO 


a 

a 


2.30 


L8 
2.2 


2.9 
L90 

L90 
1.9 
L58 
.94 


2.70 


4.86 

2.0 
L7 


L9 
1.9 

1.8 

2.80 


2.7 
2.90 


LIO  1.60 
L7o|  1.90 
L80|  1.64 
7.4  i  7.3 

I 
1.1  I  1.4 
1.8  i  1.8 


o 


2.60 
8.00 
2.10 

2.00 

2.0 
1.8 


2.8 
2.00 


2.5 


It 


3,20 

5.7 

5.00 

1.8 
L6 


L8 
1.9 


3.7 


.o 


o 


L80 


2.10 

L5 
1.8 


2.1 
2.10 

2.80 
2.8 


2.50 
2.6 


!■ 


4.00 

7.0 

5.80 

L8 
1.5 


2.0 
2.0 


9 

a 


2.20 


2.20 

1.8 
L8 


L8 
2.10 


2.1 
2.10 

L8 


3.10 

6.7 

6.60 

L8 
1.8 


2.6 
2.0 


3.6  I  3.8 


3.101  3.10'  8.20 


2.70 
2.10 
2.00 


L40  1.40 
3.10  2.50 
2.90,  1.60 


a  Roaring  Brook;  part  of  drainage  area  in  Union. 

&  Samples  by  Dr.  R.  S.  Goodwin  from  a  natural  spring  located  in  the  western  part  of  Thomaston. 
c Samples  by  Dr.  F.  L.  Smith,  of  Stafford  Springs,  from  a  small  natural  lake  located  in  the  western 
•part  of  Union  and  used  as  a  private  water  supply. 
'Samples  by  Rev.  E.  Dewhurst,  of  Voluntown. 
'Samples  by  Dr.  T.  B.  Bloomfield  from  Dies'  Pond. 
/Samples  by  Mr.  T.  S.  Gold  from  a  small  natural  lake. 
9  Samples  by  Mr.  T.  S.  Gold  from  a  natural  spring  which  is  used  as  a  private  supply. 
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ChJUnine  deUrminaivms  for  Connecticut — (continued. 

[Puts  per  million.] 


Source. 


§1.  » 

155*1    < 


West  Hartford: 

BeservoirNo.  1... 

No.  2... 

No.  3... 

No.  5... 

No.  6... 

W.  Hayen,  stora^  res. 

Winchester,  High- 
land Lake and  Mad 
River  (Wlnsted 
supply) 


Windsor  Locks 

Wolcott,  storage  res. 
(Southington  sup- 
ply)  


East  Mountain 
storage  res.  ( Wa- 
terbury  supply). 


Woodbury, 


V 

? 


58 


12 


24 


12 


23 


1.6 


6.0 


1898 
1898 
1896 
1898 
1898 
1895 


1.3     1895 

!  1901 

1.5     1897 


1.9 


2.0 


1.9 


1894 

1889 

1890 

1891 

(«) 


a 


1.70 
1.50 
1.80 
1.60 
1.24 
6.6 


1.9 
1.56 


f*4 


1.64 
1.50 


.a 

at 


1.20 
L30 


< 


48 


2.5 


2.3 
L8 
1.60 


1.50  1.40 

1.70  1.40 
1.30     .90 

6.7  6.3 


1.9 


1.9 


1.70|  1.60 

1.70  1.60 

1.70|  1.80 

1.70  1.60 


L30  1.38 
L65 


2,1 


1.5 
1.5 


2.0 


1.9 
1.8 


1.50 
5.4 


1.4 
1.22 


2.0 


2.8 
2.2 


1.50 
5.8 


1.4 
1.24 


1.8 


2.3 
1.6 


a 


1.50 
1.50 


1.90 
1.60 


1.80  2.00 


1.50 


1.50   L60 


5.8 


1.6 
1.10 


1.5 


2.1 

1.8 


1.90 


4.8 

1.4 

1.12 

1.50 

1.4 


9 


1.40 
l.lOj 

1.5o| 
l.SO 
1.20 
6.0  I 


1.4  I 
.90 


I  (  M 
I  '  8 


a 

9 
> 
C 


( 


L20 
1.50 
1.40, 
1.40 
4.7 


1.4  , 
.94 


1.20 
1. 10| 
1.40 

1.20!.. 

1.20-   1 
6.5  I  6 


1.6      1. 

.94J     . 

L45|... 


m  1. 70 

50  I.« 
50  1.50 
,.  1.50 
50  1.40 
1     f..* 


3      1.4 
90    ].!« 


2.6 


1.80 


I     I 


1.6     1.7 


L9 
2.8 


1.8 
2.0 


2.0  I  2.4  !  2.3 


2.9 


2.0  '  1.9 
1.9  I  2-0 


*^, 


aNo  year  given. 
THE  ISOCHLORS  OF  NEW  YORK. 

New  York  produces  more  salt  than  any  other  State  in  the  Union, 
and  it  would  be  natural  to  suppose  that  these  salt  deposits  would  affect 
materially  a  large  portion  of  the  waters  in  this  region.  Such,  how- 
ever, has  not  been  found  to  be  the  case.  In  this  State  the  salt  beds 
have  only  a  local  influence,  and  normal  waters  may  be  found  within  a 
very  narrow  range  of  these  deposits.  The  districts  from  which  salt 
is  obtained  are,  Ithaca,  Tompkins  County;  Le  Roy,  Genesee  County; 
Syracuse,  Onondaga  County;  Warsaw,  Wyoming  Count}',  and  York, 
Livingston  County. 

In  all  of  these  districts  the  normal  is  below  0.4  part  per  million,  and 
a  water  contaminated  by  salt  from  these  deposits  would  in  most  cases 
be  so  v^ery  much  higher  in  chlorine  that  it  could  hardly  be  mistaken 
for  ordinary  pollution. 

The  determination  for  the  normal  chlorine  lines  of  New  York  State 
(PI.  V)  is  the  result  of  analyses  made  by  the  author  at  Mount  Pros- 
pect laboratory.  The  time  of  making  analyses  extended  over  a  period 
of  six  years,  and  the  results  represent  many  thousand  determinations 
of  chlorine.  The  largest  number  of  samples  were  examined  on  Long 
Island,  Staten  Island,  and  near  the  coast  on  the  mainland  where  the 
differences  in  chlorine  were  greatest  over  a  limited  area.  It  will  he 
seen  that  the  Catskill  and  Adirondack  mountains  cause  deflections 
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toward  the  coast  in  the  isochlors.  This  is  due  to  the  precipitation  on 
their  southern  slopes  of  the  moisture  in  the  lower  layers  of  the  atmos- 
phere which  naturally  contain  the  greater  portion  of  the  salt. 

It  will  also  be  noted  that  Long  Island  has  a  remarkable  effect  in 
lowering  the  chlorine  on  the  mainland.  The  lowest  isochlor  on  the 
mainland  is  3  parts  per  million,  whereas  if  it  were  not  for  the  protect- 
ing influence  of  the  island  it  would  undoubtedly  be  6  parts  per  million. 
Artesian  wells  in  Manhattan  Borough  have  been  found  which  have  a 
chlorine  content  of  as  low  as  2  parts  per  million,  but  these  may  be 
considered  to  be  below  normal  and  to  consist  of  water  from  some 
distance  north  of  the  point  from  which  they  were  drawn. 

The  following  is  a  list  of  some  of  the  waters  which  have  had  an 
influence  upon  the  establishment  of  the'  isochlors  for  New  York 
State: 

Chlorine  determinations  for  New  York, 
[Parts  per  million.] 


Source. 


Albany  County: 

Cooli^nig,  Catskill  Creek. 
Delaware  County: 

East  Branch,  reservoir 

East    Branch    reservoir, 
Tonnetta  Brook 

Dutchess  County: 

Clinton    Hollow,     Little 
Wappinger  Creek. . . 

Fishkill,  Whalen  Pond. . . . 

Sprout  Pond 

Millerton,  Wobotuck  Creek 

Franklin  County: 

Kushaqua,  Lake  Kushaqua. 

Saranac  Lake,  lake 

Saranac  River 

Greene  County: 

Ashland,  BataviaKill 

East     Durham,     Catskill 
Creek 

Prattsville,  Scoharie  Creek . 
Jefferson  County: 

Watertown,  water  supply  . 
Lewis  Countv: 

m 

Boyds    Comer    reservoir. 
Cold  Spring  Brook. . 

Do 


Chlorine. 


0.4 

L3 
L3 


.6 
LO 
LO 
LO 

.3 
.3 
.3 

.4 

.5 
.6 

.3 


LO 
L2 


Livingston  County; 

Sonyea,  spring , , 

New  York  County: 

Williamsbridge 

Orange  County: 

Middletown,    Highland 
Lake 

Mohegan  Lake 

Tuxedo  Park,  spring 

Oswego  County: 

Oswego,  McKenzies  Pond 

Silver  Lake 

Putnam  County: 

Kirk  Lake 

Lake  Gilead 

Middle  Branch,  reservoir. 
Rensselaer  County: 

Troy,  Lake  Ida 

Rockland  County: 

Hillburn 

Suffem,  Mahwah  River  . . 
Ramapo  River 

Sullivan  County: 

Hasbrouck,     Neversink 
River 

Liberty,  spring  No.  1 


0.3 


2.2 


LO 

.9 

L7 

.3 
.3 

1.4 
L4 
L4 

.4 

L4 
1.4 
1.4 


.6 
.6 
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Chlorine  deUrminaiions  in  New  York — CoDtinned. 


[Parta  per  miUion.] 

Source. 

Chlorine. 

Source. 

Chlora' 

- 

Sullivan  Ck)unty — Continued. 

Liberty,  spring  No.  2 

No.  3 

0.7 
.6 

.4 
.8 
.4 

.8 
.6 
.5 

.4 

1.4 

1.5 

2.2 
L8 
2.2 
1.5 
2.6 
2.9 

2.8 

6.0 

6.2 
6.0 
6.0 

4.6 
3.0 
3.8 
4.0 
4.6 

16.5 
16.4 

Suffolk  County,  Long  Island- 
Continued. 

Babylon,  pond 

stream 

4' 

UlBter  County: 

stream 

i 

Grand  Hotel,  station 

stream .. 

V 

iLingston,  Esopus  Creek. . . 

Oakes,  Catskill  Creek 

Randall  Bridge,  Rondout 
Creek 

Sumpawampus  Creek . 

waterworks 

well - 

Rifton,  Black  Creek 

Brookhaven,    Connetquot 
River - 

i- 

Shokan,  Eflopus  Creek 

Warren  County: 

Glens     Falls.    Hudson 

Bridghampton,    well    H 
miles   southeast   of 
station 

31' 

River 

Central  Islip,  well 

Deer  Park,  well 

1 

Sodom,  reservoir 

1" 
1  ' 

i.. 

Westchester  County: 

Croton  Lake 

East   Moriches,    Mastic 
River 

5.. 

Glen  Park,  pumping  sta- 
tion . 

Great  River,  Connetquot 
River  

4.'J 

Katonah,  Cross  River 

Kensico.  reservoir . 

Green  Lawn,  stream 

Greenport,  well - 

6.: 

61> 

Muscoot,  reservoir 

Rve  Pond 

Huntington,  stream 

town  supply 

Tarrytown,  spring 

Yonkers,    Grassy    Sprain 
reservoir 

Kings  Park,  stream 

Islip,  Bayshore  supply 

Beaver  Brook 

Doxies  Stream 

Orowoc  Creek 

Stellenwerf  Stream  ... 

well 

l\ 

4.1 
4.4 
14 

V: 

4.r 

Richmond  County, '  Staten  Is- 
land: 

Clifton,  water  supply 

Richmond,  Turnpike  sta- 
tion, Crystal  Water- 
Supply  Company  . . . 

LonsT  Pond 

6.' 

Stapleton,  water  supply . . . 

Melville,  well 

4.: 

Tottenville,  water  supply.. 
Nassau  County,  Long  Island: 

Mellville  Station,  well 

Manor,  stream 

V. 

m 

East  Meadow  Stream 

well - 

4.^ 

Hempstead,  well 

well           _  _      . 

6.. 

stream  at  source 

Moriches,  well . 

•   1 

(.1 

Massapequa,  stream 

Roslyn,  well 

Medford  Station,  well 

Mattiturk    Dond 

r    1 

12' 

Suffolk  County,  Long  Island: 
Amafiransett.  well ......... 

Montank.  well 

.     I'l' 

Northport,  pond 

d," 

Aqueboque,  well ....,.,,,, 

town  supply 

(J.i' 

3JLCKB0V.] 
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[Parts  per  million.] 


Source. 


Suffolk  County,  Long  Island — 
Continued. 

Patchogue,  pond 

river 

Swan  Creek 

Tuttle  Creek 

water  supply 

well 

Port  Jefferson,  town  supply 
Ronkonkoma,  lake 


Chlorine. 

4.6 

4.0 

4.4 

6.2 

4.4 

6.1 

4.4 

4.4 

Source. 

Chlorine. 

Suffolk  County,  Long  Island — 
Continued. 

Sair  Harbor,  well 

17.2 

Sayville, Edwards  Creek. . . 

6.8 

Patchogue  supply 

5.0 

Smith  town,  stream 

4.2 

Selden,    S  u  ni  p a  w  a  m  pus 
Creek 

4.6 

well 

5.2 

Wading  River,  spring 

10.0 
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subjects,  and  the  total  number  issued  is  large.  They  have  therefore  been  classified 
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WS  113.  Strawboard  and  oil  wastes,  by  R.  L.  Sackett  and  Isaiah  Bowman.    19a').    52  pp.,  4  pis. 
WS  121.  Preliminary  report  on  the  pollution  of  Lake  Ohamplain,  by  M.  O.  Leighton.    1905.    119  pp., 
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WS  144.  The  normal  distribution  of  chlorine  in  the  natural  waters  of  New  York  and  New  England, 

by  D.  D.  Jackson.    1905.    31  pp.,  5  pis. 
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